Prehistoric settlement patterns and artefact manufacture at Lawn Hill, Northwest Queensland by Hiscock, Peter
-e 
(:7( 
GJ 
3 A O A T ' D I E T ' S 2 1 3 A 
PREHISTORIC SETTLEMENT PATTERNS AND ARTEFACT MANUFACTURE 
AT LAWN HILL, NORTHWEST QUEENSLAND 
PETER DIXON HISCOCK 
Thesis submitted for the degree of 
Doctor of Philosophy in the Department 
of Anthropology and Sociology, 
University of Queensland 
September 1988 
The work presented in this thesis is to the best of my 
knowledge, original, except as acknowledged in the text. The 
material has not been submitted, either in whole or in part, for a 
degree at this or any other University. 
f££^ XAoc^'tf^ 
Peter Hiscock 
ABSTRACT 
Archaeological research at Lawn Hill Station, northwest 
Queensland, was undertaken to investigate prehistoric stone artefact 
manufacture and settlement patterns. Of particular interest were the 
ways in which technology and settlement responded to changes in 
environmental conditions. 
Settlement strategies are inferred from a study of sixty-two 
sites and many thousands of artefacts found outside sites. Most 
archaeological material culture is found in close proximity to 
permanent water and outcrops of f lakeable stone. It is concluded that 
this pattern resulted partly from more intensive occupation of those 
parts of the landscape, and partly from a greater rate of artefact 
discard. Other environmental features had more subtle effects on 
activity location. One pattern which emerged from the study was that 
site size is inversely related to distance from stone quarries, 
suggesting that site size and numbers of occupants are poorly 
correlated. 
Distance from quarries is found to be a major determinant of 
assemblage composition. Many technological attributes indicate that 
as stone was carried away from the quarry it was increasingly 
rationed to maximize stone use before a return to the quarry was 
necessary. Rationing was achieved by an increase in use-life and the 
application of knapping procedures which prolonged reduction. Cores, 
flakes and retouched flakes were all subjected to this economizing 
behaviour. Increased rationing would have been accompanied by changes 
in the rate and context of artefact discard, a conclusion which fits 
well with inferences about the distribution of material culture 
throughout the landscape. 
Since much of the inter-assemblage variation at Lawn Hill can be 
explained by the economics of stone procurement and manufacture, it 
is concluded that technology was largely unresponsive to other 
aspects of subsistence or settlement. This conclusion implies that 
seasonal patterns of movement or foraging are unlikely to be 
reconstructed from the stone artefacts at Lawn Hill. Furthermore, 
this conclusion implies that technology is not embedded in 
subsistence practices and lends support to an argument that curation 
of artefacts is primarily a response to shortages of stone material, 
not a response to time stress or to particular strategies of food 
procurement. 
Conjoin analysis provides the basis for reconstructions of 
prehistoric stoneworking. Collections of artefacts from quarries and 
from knapping locations elsewhere are examined and great detail is 
obtained about reduction processes. Stoneworking of chert and 
greywacke was different, reflecting the distinctive mechanical 
characteristics of each raw material. Consequently, there are 
distinct correlations between raw material types and knapping debris, 
including implement types. Tulas and backed blades were only made of 
chert, and unifacial and bifacial points of greywacke. Even within 
one raw material type, variations in the physical characteristics, 
such as grain size or nodule shape, caused knapping behaviour and the 
size and shape of debris to vary. This finding indicates that it is 
difficult to employ functional and stylistic explanations of these 
archaeological stone artefacts. The mechanical differences increased 
the necessity of rationing, since not all stone produced the same 
artefacts. 
Two cave sites, first occupied in the Pleistocene, were 
excavated in the south of the study area. Similar sequences of 
behaviour are inferred from both sites. Prior to 18,000 years BP, the 
inhabitants exploited not only the gorges and adjacent plateau, but 
also the greywacke outcrops on the plains to the north. At this time 
retouched flakes were rarely discarded. Between 18,000 and 13,500 
years BP, co-incident with the aridity of the glacial maximum, there 
was a contraction of the territory exploited by people based in the 
gorges. This is indicated by an absence of materials from the 
northern plains and a decreased use of stone and faunal resources 
available on the surrounding plateau. Simultaneous increases in stone 
artefact discard, bone and shell discard, trampling and fire use in 
this period indicate that to compensate for the decreased use of some 
parts of the landscape, the sites in the gorges were used more 
intensively. Technological changes occurred because the restricted 
territory involved a different system of stone procurement. After 
13,500 years BP, gorges were used less intensively, and materials 
from the plateau and northern plains were brought into the caves once 
again. Artefact sizes were smaller during this period, but despite 
the appearance of points, tulas and backed blades in the middle 
Holocene levels few changes in stoneworking technology could be 
identified. 
On the basis of these trends it is hypothesised that arid and 
semi-arid areas of inland northern Australia had probably been 
occupied at least 30-40,000 years ago; but were largely abandoned 
during the glacial maximum. It is also suggested that this response 
to climatic change was facilitated by low population densities and 
relatively undeveloped inter-group relationships. A review of data 
from other regions of arid Australia indicates that abandonment at 
the glacial maximum was a widespread phenomenon. Chronological 
changes in technology occurred, although they are not uni-
directional, but these are minor compared to the spatial variations 
which resulted from rationing. Consequently, it is concluded that the 
accurate description and explanation of chronological changes in 
material culture can only be based on an understanding of spatial 
variation in stoneworking. 
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CHAPTER 1 
INTRODUCTION 
Many t i m e s I h a v e asked m y s e l f , "What i s t h e 
p u r p o s e of l i t h i c t e c h n o l o g y and e x p e r i m e n t a l 
archaeology and what impact w i l l i t have on our 
knowledge of t h e S tone Age?" One answer a l w a y s 
p e r s i s t s : " i t i s a u s e f u l a i d i n t h e 
i n t e r p r e t a t i o n and u n d e r s t a n d i n g of t h e 
f o s s i l i z e d r ema ins of human behaviour p a t t e r n s 
of p r e h i s t o r i c s o c i e t i e s " . ( C r a b t r e e 1976 :1 ) . 
1.1 AIM OF THE STUDY 
Year by year Australian archaeologists view the archaeological 
record from increasingly sophisticated and intriguing perspectives. 
Questions concerning prehistoric stone artefacts have shifted from 
the search for chronology to the documentation of diversity and 
similarity within and between regions and, more recently, to the 
examination of social processes and adaptation. On the basis of 
ethnographic observations, some archaeologists in Australia and New 
Guinea have argued that most stone tools are not formal "implements", 
and that stone artefacts were associated primarily with the 
construction and maintenance of wooden tools (Gould 1977a, 1980; 
Hayden 1977a; Morwood 1979:i; Strathern 1969; White 1967, 1968). The 
conclusion which has been drawn from these observations is that 
archaeological artefacts contain little information about aspects of 
prehistoric life other than maintenance of wooden tools (Morwood 
1979:i). One response to this viewpoint has been to diversify the 
types of material evidence considered (Thomas 1981:173-174). This 
response is partly responsible for an emphasis on faunal materials 
(eg. Vanderwal and Horton 1984), a call for the use of more powerful 
statistics (Allen 1985), and regional studies which attempt to 
integrate stone artefacts with other classes of archaeological debris 
such as faunal remains or rock art (eg. Clegg 1977; Flood and 
Horsfall 1986; Luebbers 1978; Morwood 1979, 1984, 1986). While these 
developments are a healthy sign of broadening archaeological horizons 
they fail to exploit the potential of stone artefacts to provide 
information about the past. 
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This study takes the opposite response to the perceived 
limitations of traditional typological studies of stone tools and 
investigates stone artefacts in great detail. In Australia this 
approach has been employed to great effect by those who have examined 
use-wear in order to reconstruct artefact functions (eg. Fullagar 
1982, 1986; Kamminga 1978, 1982). One source of information which has 
not been fully exploited in Australia is the examination of 
prehistoric manufacture and distribution of stone artefacts. It is 
this perspective which is employed here. 
Within Australia, the intellectual precedents for this work can 
be found in geoarchaeology (eg. Hughes and Sullivan 1982; Sullivan 
1982) and economic archaeology (eg. Bird 1985; McBryde 1977; White 
and Peterson 1971). Geoarchaeology seeks to understand the 
prehistoric human geography of hunter-gatherer activities by studying 
the placement of archaeological sites in the landscape. The economic 
approach concentrates on prehistoric hunter-gather economy through 
analysis of site contents. This thesis examines both the location and 
form of stone artefact assemblages to assess the relationship of 
prehistoric hunter-gatherer economy and material culture to the 
environment. As the definition and potential of geographic, economic 
and technological approaches have been clearly demonstrated (eg. Bird 
1985; Butzer 1971; Crabtree 1976; Hughes and Sullivan 1982), I do not 
primarily seek to argue for the usefulness of these perspectives. 
Rather, by combining the three approaches, I reconstruct the 
prehistory of one region and the resulting inferences are used to 
address general issues of prehistoric economy, technology and 
settlement. 
The archaeological research reported in the following pages was 
carried out in a remote inland area of tropical semi-arid north 
Australia, at a cattle station named Lawn Hill in northwest 
Queensland (Figure 1:1). As discussed below, this area is ideally 
situated to provide answers to many of the questions posed in 
Australian prehistory, and exhibits a rich and diverse range of 
archaeological material. 
This thesis examines the variation in prehistoric material 
culture at Lawn Hill. Investigations concentrate on questions 
concerning the manufacture and transportation of chipped stone 
artefacts, the economics of procurement and the mechanisms which 
produced assemblage variation. The objective is not only to describe 
Chapter 1 
the chipped stone technology of prehistoric occupants, but also to 
determine their response to environmental changes as reflected in the 
material culture. One aspect of human reaction to their surroundings 
is the location of activities, especially the procurement and discard 
of materials. Consequently, the distribution of artefacts in the 
landscape, and their relationship to systems of prehistoric 
settlement and technology, is also examined. 
Investigations of the response and responsiveness of material 
culture to environmental and economic conditions are pursued at three 
levels. Firstly, the responses which occurred prehistorically at Lawn 
Hill are inferred. Dramatic environmental contrasts exist within the 
study area today and these may have stimulated spatial variations in 
activity location and artefact manufacture in the past. Equally 
dramatic climatic changes have occurred in the region since the first 
human occupation of Australia and Bowler (1976) has hypothesised that 
it is in sensitive semi-arid landscapes such as Lawn Hill that human 
responses to climatic change will be most obvious. 
Secondly, with an understanding of the occupation at Lawn Hill, 
it is possible to examine the patterns of response and adaptation 
which occurred elsewhere in Australia, particularly in arid and 
northern regions. Bowdler's (1977) suggestion that arid and semi-
arid Australia was unoccupied until the late Pleistocene stimulated 
much interest in the nature of early settlement (cf. Horton 1981; 
Jones 1979, 1987; Smith 1987; Walters 1981). Lawn Hill, is located 
in the centre of the Sahul continent, is well situated to test the 
various models of inland occupation. The recovery of artefact 
sequences of late Pleistocene age also permits an investigation of 
suggestions, based largely on sites in southern Australia, that 
stoneworking technology throughout the continent followed a single 
trend through time (eg. Kohen, Stockton and Williams 1984; Lampert 
1981; Lorblanchet and Jones 1979). A related issue is the interaction 
between hunter-gatherers and their environment, most frequently 
discussed in Australia in the context of "Holocene intensification" 
and assemblage variation within contemporary sites. In their various 
guises these issues are of paramount importance in the study of 
Australian prehistory, dealing as they do with the capacity of 
hunter-gatherer technology to cope with environmental change and 
environmental productivity, and the role of artefacts in hunter-
gatherer subsistence organisation. 
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At t h e t h i r d l e v e l of i n q u i r y , t h e r e a r e g e n e r a l p r o p o s i t i o n s 
which a r c h a e o l o g i s t s have deve loped about t he s t r u c t u r e , f unc t i on ing 
and development of t e c h n o l o g i c a l systems through t ime and space and 
about how these a re a r c h a e o l o g i c a l l y mani fes ted . Since t he 1960's a 
number of p r o p o s i t i o n s a b o u t t h e o r g a n i z a t i o n of h u n t e r - g a t h e r e r 
a r t e f a c t m a n u f a c t u r e and s e t t l e m e n t h a v e been f o r m u l a t e d . F i v e of 
t h e s e p r o p o s i t i o n s a re examined i n t h i s t h e s i s : 
1. S i t e s i z e i s l a r g e l y a p r o d u c t of t h e number of o c c u p a n t s 
and i s o n l y m i n i m a l l y a f f e c t e d by e n v i r o n m e n t a l o r 
t e c h n o l o g i c a l f a c t o r s (cf. C a s s e l b e r r y 1974; Hassan 1981 :64 ; 
W i e s s n e r 1974). 
2. Hun te r -ga the re r s e t t l e m e n t s t r a t e g i e s a r e r e f l e c t e d i n t he 
s p a t i a l arrangement of d i sca rded m a t e r i a l c u l t u r e (cf. I s a a c 
1981) . 
3. Stoneworking technology does not always respond t o g e n e r a l 
changes i n the h u n t e r - g a t h e r e r system, but when i t does i t i s 
u s u a l l y i n r e s p o n s e t o v a r i a t i o n s i n food p r o c u r e m e n t 
s t r a t e g i e s (eg. Binford 1977:35; 1983:430). 
4 . A c o r o l l a r y of t h e p r e v i o u s p r o p o s i t i o n i s t h a t 
stoneworking technology, i n a d d i t i o n t o producing o b j e c t s wi th 
s t y l i s t i c c o n t e n t , i s g e a r e d t o p r o d u c e t o o l s d e s i g n e d f o r 
p a r t i c u l a r func t ions . The r e s u l t i s t h a t a r t e f a c t morphology 
i s p r i m a r i l y a response t o t he n a t u r e of s t y l i s t i c in format ion 
and t o o l use , and t h a t changes i n a r t e f a c t morphology r e s u l t 
from changes i n t h o s e two f a c t o r s (eg . B i n f o r d and B i n f o r d 
1966, 1969; Cla rk 1959; Hayden and Kamminga 1979; K l e i n d i e n s t 
1961; Sacke t t 1973; cf. I s aac 1972). 
5. As a consequence, a r c h a e o l o g i c a l assemblages v a r y p r i m a r i l y 
as a r e s u l t of food p r o c u r e m e n t s t r a t e g i e s o r a s s o c i a t e d 
f a c t o r s , such as t h e d e g r e e of m o b i l i t y o r t h e d e g r e e of 
d i f f i c u l t y i n schedu l ing a c t i v i t i e s (eg. Binford 1977; Eber t 
1979; Torrence 1983). 
R e s e a r c h a t Lawn H i l l s u g g e s t s t h a t none of t h e s e p r o p o s i t i o n s a r e 
a b l e t o c o m p l e t e l y e x p l a i n t h e d i s t r i b u t i o n and n a t u r e of 
a r c h a e o l o g i c a l m a t e r i a l s i n t h a t a r ea . C o n s i d e r a t i o n of why t h i s i s 
so a i d s i n t he r e f o r m u l a t i o n of such p r o p o s i t i o n s . 
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1.2 ORGANISATION OF THE THESIS 
The m u l t i p l e o b j e c t i v e s of the study make the s t r u c t u r e of t h i s 
t h e s i s r a t h e r complex, and n e c e s s i t a t e s an i n t r o d u c t o r y d i s c u s s i o n of 
t h e way i n which t h i s vo lume has been o r g a n i s e d . I n C h a p t e r 2 
stoneworking technology i s d i scussed and the a n a l y t i c a l methods used 
i n t h e t h e s i s a r e o u t l i n e d . The e n v i r o n m e n t of t h e s t u d y a r e a i s 
d e t a i l e d i n Chapter 3, and a r c h a e o l o g i c a l ques t ions framed i n g r e a t e r 
d e t a i l . Chapters 4-11 i n v o l v e the d e t a i l e d fo rmula t ion and t e s t i n g of 
h y p o t h e s e s abou t hvunan p r e h i s t o r y a t Lawn H i l l . The l e n g t h y 
d e s c r i p t i o n and assessment of da ta conta ined t h e r e i n i s not presented 
fo r i t s own s a k e , b u t t o r i g o r o u s l y e s t a b l i s h i n f e r e n c e s abou t t h e 
Lawn H i l l r e g i o n . F o l l o w i n g t h i s . C h a p t e r s 1 2 - 1 6 d i s c u s s t h e 
i m p l i c a t i o n s of t h e Lawn H i l l s t u d y f o r A u s t r a l i a n p r e h i s t o r y and 
a r c h a e o l o g i c a l methodology. The need t o s t r u c t u r e the t h e s i s i n t h i s 
way i s most e a s i l y d e m o n s t r a t e d by a more d e t a i l e d o u t l i n e of t h e 
contents of the t h e s i s . 
The next chapter d e a l s wi th the methodolog ica l i s s u e s important 
for the d e s c r i p t i o n and e x p l a n a t i o n of p r e h i s t o r i c technology a t Lawn 
H i l l . No t e c h n o l o g i c a l study can avoid d e t a i l e d c h a r a c t e r i z a t i o n of 
a r t e f a c t s , and such an u n d e r t a k i n g r e q u i r e s t h e p r e s e n t a t i o n of 
e x p l i c i t d e f i n i t i o n s and c o n c e p t s , as w e l l as t h e a n a l y t i c a l 
framework i n which t h e y a r e u s e d . Techno logy has been d e f i n e d i n 
va r ious ways, but I p r e f e r t h a t employed by Beals and Hoijer (1953) 
i n which t e c h n o l o g y i s e q u a t e d w i t h b e h a v i o u r and i s c l e a r l y 
separa ted from the m a t e r i a l outcome of such a c t i o n s . This d i v i s i o n i s 
a p p r o p r i a t e t o a r c h a e o l o g i c a l i n v e s t i g a t i o n s , where c o n t e m p o r a r y 
d e b r i s i s used t o i n v e s t i g a t e p a s t p r o c e s s e s . Thus, i n t h i s t h e s i s , 
technology i s def ined as the sum t o t a l of ways i n which members of a 
soc i e ty c o l l e c t raw m a t e r i a l s from the environment and process them 
to make a r t e f a c t s of v a r i o u s k inds . M a t e r i a l c u l t u r e i s composed of 
t h e a r t e f a c t s which r e s u l t from a t e c h n o l o g y . I n t h i s s e n s e , 
technology concerns the behaviour a s s o c i a t e d wi th making a r t e f a c t s , 
wh i l e m a t e r i a l c u l t u r e i s the a r t e f a c t s t hemse lves . In p r e h i s t o r i c 
a r c h a e o l o g y , t e c h n o l o g i c a l a n a l y s e s examine p r e s e r v e d m a t e r i a l 
c u l t u r e i n o r d e r t o r e c o n s t r u c t t h e t e c h n o l o g y which c r e a t e d i t . 
C h a p t e r 2 d e s c r i b e s t h e t e r m i n o l o g y and c o n c e p t s n e c e s s a r y t o 
u n d e r s t a n d m o d e r n s t o n e w o r k i n g , and t h e v a r i o u s f o r m s of 
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a r c h a e o l o g i c a l a n a l y s i s e m p l o y e d t o r e c o n s t r u c t p r e h i s t o r i c 
stoneworking a t Lawn H i l l . 
To i n v e s t i g a t e the ways i n which humans a l t e r e d t h e i r t echno logy 
i n response to t h e i r environment, i t i s neces sa ry t o unders tand not 
on ly the manufacture of s tone a r t e f a c t s , but a l s o t he environment i n 
which t h e a r t i s a n s l i v e d . Chapter 3 d e s c r i b e s t h e e n v i r o n m e n t a l 
c o n t e x t i n which p r e h i s t o r i c s t o n e w o r k i n g a t Lawn H i l l took p l a c e . 
The contemporary c l i m a t e and g e o l o g i c a l s e t t i n g a r e summarized and 
used as t h e b a s i s f o r p a l a e o e n v i r o n m e n t a l r e c o n s t r u c t i o n s . Th i s 
chap te r a l s o d i s c u s s e s i n more d e t a i l the a p p r o p r i a t e r e s o l u t i o n for 
q u e s t i o n s a b o u t t h e Lawn H i l l a r e a and d e s c r i b e s t h e f i e l d w o r k 
methods which were employed. 
Chapters 4 -7 focus on the s p a t i a l v a r i a t i o n i n a r c h a e o l o g i c a l 
a r t e f a c t s a t Lawn H i l l . A c t i v i t y l o c a t i o n a c r o s s t h e l a n d s c a p e i s 
r e c o n s t r u c t e d i n Chapter 4, which d e s c r i b e s not o n l y t he p o s i t i o n i n g 
of s i t e s con ta in ing a r t e f a c t s but a l s o v a r i a t i o n s i n a r t e f a c t d e n s i t y 
o u t s i d e s i t e s . The f a c t o r s which caused a r t e f a c t d i s t r i b u t i o n s a r e 
d i s c u s s e d a t t h r e e l e v e l s . S p a t i a l v a r i a t i o n s i n t h e n a t u r e of 
woodworking a c t i v i t i e s a r e examined , and q u e s t i o n s a r e posed 
concerning the e x p l a n a t i o n of v a r i a t i o n i n assemblage composi t ion. 
The i s s u e of i n t e r - s i t e v a r i a t i o n i s t a k e n up i n Chapter 5, 
which examines t h e economics of s t o n e p r o c u r e m e n t and a s s e s s e s t h e 
d e g r e e t o which r a t i o n i n g of s c a r c e m a t e r i a l s can a c c o u n t f o r 
d i f f e r e n c e s i n assemblages around the l andscape . A l i t e r a t u r e r ev i ew 
u n d e r p i n s an o u t l i n e of t h e h y p o t h e s i s e d e f f e c t s of raw m a t e r i a l 
p r o p e r t i e s and s t o n e a v a i l a b i l i t y on a s s e m b l a g e c o m p o s i t i o n . 
R a t i o n i n g mechanisms a r e d e f i n e d and a r c h a e o l o g i c a l e x p e c t a t i o n s 
f o r m u l a t e d . Data from s i t e s a l o n g t h r e e t r a n s e c t s a t Lawn H i l l a r e 
t h e n examined t o d e t e r m i n e w h e t h e r o r n o t t h e p a t t e r n s conform t o 
those expected from raw m a t e r i a l r a t i o n i n g . 
The r e s p o n s e of s t o n e w o r k i n g t o c o n t e m p o r a r y v a r i a t i o n i n 
environment i s examined f u r t h e r i n Chapters 6 and 7, where d e t a i l e d 
r e c o n s t r u c t i o n s of knapping technology a r e made. Chapter 6 d e s c r i b e s 
t h e q u a r r y i n g and s t o n e w o r k i n g p r o c e d u r e s employed f o r g r e y w a c k e , 
i n f e r s t h e s i z e and form of a r t e f a c t s t r a n s p o r t e d a r o u n d t h e 
l andscape , and e s t i m a t e s t he c o n s t r a i n t s t h a t m a t e r i a l imposes on the 
knapper. Chapter 7 i n v e s t i g a t e s t he same i s s u e s i n r e l a t i o n t o c h e r t . 
C h r o n o l o g i c a l changes i n t e c h n o l o g y , and t h e r e s p o n s e of t h e 
i n h a b i t a n t s t o dramat ic a l t e r a t i o n s i n t he environment accompanying 
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t h e l a s t g l a c i a l maximum, a r e examined i n C h a p t e r s 8-10. C h a p t e r 8 
d e s c r i b e s t h e a g e , s e d i m e n t a r y h i s t o r y and t e m p o r a l changes i n 
f r e q u e n c y and s i z e of t h e a r t e f a c t s a t C o l l e s s Creek Cave , a s i t e 
which was f i r s t o c c u p i e d p r i o r t o 18,000 y e a r s BP. A number of 
hypotheses a re offered to account for the changes which a re observed, 
and a methodologica l framework use fu l for d i f f e r e n t i a t i n g between the 
hypotheses i s o u t l i n e d . 
In Chapter 9 each of these hypotheses i s examined f u r t h e r i n an 
a t t e m p t t o r e j e c t t h o s e w h i c h a r e i n a d e q u a t e . A r a n g e of 
a r c h a e o l o g i c a l r ema ins ( i n c l u d i n g sediments , a r t e f a c t s and organic 
m a t e r i a l s ) a r e used t o t e s t t h e power of t h e s e h y p o t h e s e s . On t h e 
bas i s of these t e s t s the h i s t o r y of human occupat ion i n t h i s s i t e i s 
r e cons t ruc t ed . 
Since the gene ra l a p p l i c a b i l i t y of t h i s r e c o n s t r u c t i o n could not 
be a s s u r e d on t h e b a s i s of one s i t e , a second c a v e w i t h e v i d e n c e of 
bo th P l e i s t o c e n e and Ho locene o c c u p a t i o n was s o u g h t . Chapter 10 
d e s c r i b e s t h e age of t h e d e p o s i t s and t h e t e m p o r a l changes i n 
s e d i m e n t s , a r t e f a c t s , and f a u n a a t a c a v e on L o u i e C r e e k . 
S i m i l a r i t i e s and d i f f e r ences between the sequences a t t h i s cave and 
C o l l e s s Creek Cave a re noted. 
The p r e s e n t a t i o n of d a t a from t h e s t u d y a r e a c o n c l u d e s w i t h 
Chapter 11 , which siammarizes and s jmthes i ses the in fe rences about the 
p r e h i s t o r y of Lawn H i l l . Four per iods of occupat ion a re defined and 
a r c h a e o l o g i c a l evidence r e l e v a n t t o each per iod i s used to d i s cus s 
the p a t t e r n s of s e t t l e m e n t and technology. 
C h a p t e r s 12-16 d e a l w i t h b r o a d e r i s s u e s i n a r c h a e o l o g y . The 
i m p l i c a t i o n s of t h e Lawn H i l l d a t a f o r t o p i c s i n A u s t r a l i a n 
p r e h i s t o r y a r e e x p l o r e d i n C h a p t e r s 12 and 13 . I t has a l r e a d y been 
men t ioned t h a t t h e Lawn H i l l r e g i o n i s w e l l s i t u a t e d t o examine 
q u e s t i o n s a b o u t i s s u e s such as t h e P l e i s t o c e n e s e t t l e m e n t of 
A u s t r a l i a and t h e u n i f o r m i t y of t e c h n o l o g i c a l change through t ime. 
Chapter 12 examines da ta from Lawn H i l l and from f i v e o the r reg ions 
of a r i d i n l a n d A u s t r a l i a . The gene ra l s i m i l a r i t y and d i s s i m i l a r i t y i n 
human r e s p o n s e s t o t h e d e s i c c a t i o n accompanying t h e l a s t g l a c i a l 
maximum i s a s s e s s e d , and a model of P l e i s t o c e n e o c c u p a t i o n i s 
f o r m u l a t e d . C h a p t e r 13 examines t h e s t r u c t u r e of t e c h n o l o g i c a l 
sys tems a t Lawn H i l l and , by c o n t r a s t i n g i t w i t h t h a t i n o t h e r 
r e g i o n s , c r i t i c a l l y e v a l u a t e s t h e e x i s t i n g i n t e r p r e t a t i o n s of 
t e c h n o l o g i c a l change i n p r e h i s t o r i c A u s t r a l i a . 
Chapter 1 
In Chapters 14 and 15 there is a discussion of the more general 
implications for archaeological methods and the theories of hunter-
gatherer technology. The five general propositions mentioned earlier 
are examined and alternatives raised. Chapter 14 pinpoints 
difficulties with the supposed relationships of the distribution and 
quantity of archaeological materials with population size, settlement 
patterns, and food procurement strategies. This discussion considers 
the circumstances which may cause stoneworkers to alter the nature of 
their manufacturing activities. Chapter 15 takes up this issue by 
re—assessing the debate concerning the causes and purpose of curation 
in view of the Lawn Hill experience. 
The arguments are summed up in Chapter 16. The major empirical 
findings at Lawn Hill are described and the usefulness of detailed 
investigations of stoneworking technology is argued. It is this 
issue, the technological approach to stone artefact analysis, which 
must now be discussed. 
CHAPTER 2 
A TECHNOLOGICAL APPROACH TO STONE ARTEFACT ANALYSIS 
2.1 PRINCIPLES OF STONEWORKING 
Without a knowledge of stoneworking, archaeologists can not 
undertake technological analyses or comprehend the results of such 
investigations. This is more than a problem of stoneworking 
terminology, since the analysis of stone artefacts invokes mechanisms 
and concepts which are sometimes unfamiliar to researchers in other 
fields of archaeology. This section outlines some of the activities 
and processes involved in making stone artefacts, and in doing so, 
introduces essential jargon. All of the specialist terms used below 
are defined in the glossary. 
This study is concerned only with artefacts formed by the 
fracturing of stone. Fracture, as the term is used here, is the 
tensile failure of a brittle solid under loads which exceed the 
elastic limits of the material (Bonnischen 1974:96; Gash 1971; 
Preston 1933:167), and is produced in rocks when the local stress 
exceeds the local strength (Simmons and Richter 1974). Fracturing of 
this kind often creates distinctive surfaces which are described as 
conchoidal. Conchoidal fracture is particularly important to the 
archaeological study of prehistoric stoneworking because it is the 
mechanism by which most chipped stone artefacts were made, and 
because it creates distinct objects which are readily identified as 
made by humans (cf. Cotterell and Kamminga 1987:683). The fracturing 
of rocks by hiomans is known by a number of terms, including knapping, 
flaking, and flintworking. 
Mechanisms of conchoidal fracture in stone are not completely 
understood and a number of different models have been adopted by 
archaeologists (cf. Bonnischen 1974; Cotterell and Kamminga 1979, 
1987; Cotterell, Kamminga, and Dickson 1985; Faulkner 1972; Speth 
1972, 1974, 1975, 1981). This debate is not important to most 
interpretations of archaeological material and will not be pursued 
here. What is relevant are the conditions under which fracture occurs 
and the archaeological ly observable characteristics which result. 
Although stone artefacts are made by a variety of fracturing 
mechanisms (cf. Cotterell and Kamminga 1987), the following 
discussion concentrates on indentation fractures produced by blunt 
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indenters. Indentation fractures are those which are initiated by the 
localized contact of a foreign body (the indenter or fabricator) on 
the surface of a piece of stone (Lawn and Marshall 1979). Blunt 
indenters are those which are sufficiently large and curved to make 
contact over a relatively broad area, and thereby allow the piece of 
stone receiving the force to behave in an elastic manner (Lawn and 
Marshall 1979:65; Lawn and Wishaw 1975). This is the kind of 
conchoidal fracture commonly found at Lawn Hill. 
FRACTURE MECHANICS 
Conchoidal fracture which can be controlled by a stoneworker 
occurs only in rocks with particular characteristics (Crabtree 1967a; 
Crabtree and Butler 1964; Faulkner 1972; Speth 1974:8). Rocks which 
have the following properties are most suitable for flaking: 
1. Homogeneous; the rock is uniform in structure. 
2. Isotropic; the rock has no preferred direction of fracture. 
3. Hard and inert; the rock is resistant to deformation. 
4. Rigid; Deformation is minimal. 
5. Elastic; deformation is temporary. 
Many siliceous materials such as glass, obsidian, flint, chert, 
quartzite, silcrete and quartz possess these features to varying 
degrees. Fracture occurs in these materials as the result of an 
application of force, such as when hit by another rock. The process 
of fracturing is most easily described by breaking it down into three 
phases: fracture initiation, fracture propagation, and fracture 
termination (Figure 2:1). 
Fracture initiation (Figure 2:2) 
Fracture begins when the flaws which occur on the surface of all 
objects are subjected to increasing tension by an indenter (Lawn and 
Marshall 1979:68). The greatest stress occurs in a circle immediately 
outside the contact area of the indenter and at this point the flaws 
run rapidly around the contact area to form a nearly symmetrical 
surface called a ring crack (Auerbach 1891; Cotterell and Kamminga 
1987:685; Frank and Lawn 1967; Hertz 1896; Lawn and Marshall 1979; 
Xi 
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Lawn and Wishaw 1975; Pres ton 1926). The r i n g crack extends i n t o the 
rock a smal l d i s t a n c e , but as the i nden te r cont inues to app ly force 
the r i ng crack i s d r i v e n downward and d e v i a t e s outward to avoid the 
zone of compression which r e s u l t s from compaction of the rock by the 
i n d e n t e r (Lawn and M a r s h a l l 1979) . The c r a c k grows under t h e 
continued t e n s i l e s t r e s s . 
This i s the t y p i c a l process by which f r a c t u r e s a re i n i t i a t e d by 
b l u n t , s p h e r i c a l i n d e n t e r s ; a p r o c e s s o f t e n te rmed " H e r t z i a n 
i n i t i a t i o n " ( e g . C o t t e r e l l and Kamminga 1 9 8 7 : 6 8 5 ) . I n some 
circtmistances, f r a c t u r e i s i n i t i a t e d i n d i f f e r e n t ways. C o t t e r e l l and 
Kamminga (1987 :688-691) p o i n t ou t t h a t when t h e i n d e n t e r has a 
p rominence , or when d e t r i t a l p a r t i c l e s a r e wedged i n t o f l a w s 
underneath the f a b r i c a t o r , the f r a c t u r e i s i n i t i a t e d a t a po in t and 
no t i n a r i n g c r a c k (cf. Lawn and M a r s h a l l 1979:71-76) . On b l o c k s of 
rock w i t h low a n g l e s , such as b i f a c i a l c o r e s , a n d / o r when t h e 
f a b r i c a t o r i s s o f t , t h e f r a c t u r e may b e g i n unde r b e n d i n g s t r e s s e s 
away from t h e i n d e n t e r ( C o t t e r e l l and Kamminga 1979 :103 , 1987 :691 ; 
Tsirk 1979). In both of t he se s i t u a t i o n s , the f e a t u r e s c h a r a c t e r i s t i c 
of t h e n o r m a l H e r t z i a n i n i t i a t i o n s may n o t o c c u r . Such 
c h a r a c t e r i s t i c s may a l s o be i n d i s t i n c t i n g r a n u l a r , heterogeneous or 
a n i s o t r o p i c m a t e r i a l s . 
Fracture propagation 
The d i r e c t i o n of the f r a c t u r e path i s dependent on the a l ignment 
of t h e s t r e s s e s i n t h e r o c k , which i n t u r n a r e l a r g e l y d e p e n d e n t on 
the geometry of the o u t s i d e , or f ree su r face , of the b lock of s tone . 
F r a c t u r e p r o p a g a t i o n i s i n t h e d i r e c t i o n of t h e minimum p r i n c i p l e 
s t r e s s , and t h i s i s u s u a l l y p a r a l l e l to the f ree sur face (Faulkner 
1972). I n most s t o n e w o r k i n g , t h e c r a c k p a t h p a r a l l e l s t h e f r e e 
s u r f a c e b e c a u s e of t h e i n h e r e n t s t i f f n e s s of t h e s t o n e ( C o t t e r e l l , 
Kamminga and Dickson 1985) . As a r e s u l t of t h i s mechanism, t h e p a t h 
of the f r a c t u r e i s determined more by the sur face topography of the 
rock abou t t o be f l a k e d and t h e d i r e c t i o n of a p p l i e d f o r c e t h a n by 
the methods used t o app ly t he fo rce . 
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Fracture Termination 
As the energy transmitted to the rock is finally expended in 
creating the fracture, and the stresses within the rock decrease, the 
fracture plane often moves toward a free surface. This process can 
result in four different terminations to the fracture plane (Figure 
2:3). Feather terminations occur when sufficient force is directed 
into the body of the core and the crack runs through the core without 
changing direction. When there is less force, a deceleration of crack 
propagation, and/or a greater bending (outward) component to the 
application of force, a hinge termination may be produced (Cotterell 
and Kamminga 1987:700-701; Crabtree 1968:451). The abrupt alteration 
of the fracture plane characteristic of step terminations is produced 
when the energy is insufficient to complete a feather termination 
(Cotterell and Kamminga 1987:700). Outrepasse terminations are 
produced by positioning the indenter far from the edge of the rock, 
and/or by the application of excessive force directed into the rock 
(Crabtree 1968:466; Cullberg 1971:47; Faulkner 1972:110-115; Phagan 
1976:24, 26). 
Terminology 
When the fracture plane has terminated, there are two pieces of 
stone. The smaller piece, which is detached and contains the 
ringcrack, is called a flake. Many of the features found on flakes 
have been named (see Figure 2:4). The surface containing the 
ringcrack, onto which the fabricator was placed, is the 
striking platform. This striking platform is termed the proximal end 
and the portion of the flake containing the fracture termination is 
the distal end (Crabtree 1972a). The surface created by the fracture 
is the ventral face, and the exterior surface of the rock which was 
removed on the flake is the dorsal face (Crabtree 1972a). The two 
edges formed by the junction of the ventral and dorsal faces are the 
lateral margins. 
A ventral surface created by a blunt indenter contains a number 
of features reflecting the mechanics of flake formation. At the 
proximal end, the exposed portion of the ringcrack is visible. Below 
the ringcrack a small cone may form, and this often gives way to a 
distinct convexity called the bulb of force. Between the bulb and the 
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termination, the ventral surface is largely flat. Other features 
which may occur on the ventral surface are eraillure scars, 
undulations, Wallner lines, and lances (cf. Cotterell and Kamminga 
1979). 
On the dorsal surface there are often the negative impressions 
of ventral surfaces called flake scars, which show where flakes have 
previously been removed. The junctions between flake scars, which are 
raised because less material has been removed, are called 
dorsal ridges. 
Artefacts other than flakes are created by flaking. The fragment 
of stone which is left after a flake is removed is called a core 
(Crabtree 1972a:54). Cores have one or more negative flake scars but 
no ventral surface. Flakes can also be struck from another flake 
which is then called a retouched flake. This term has no functional 
connotations and is applied to these artefacts irrespective of 
whether the knapper used the resulting flake, the resulting retouched 
flake, neither, or both. 
Stoneworking also involves stone artefacts other than chipped 
ones. In knapping there are two objects which may be used: 
fabricators and anvils. A fabricator or indenter is an object used to 
load force into a core (Crabtree 1972a). When the load is applied by 
striking, the fabricator is called a hammer or percussor. Although 
they can be made of bone or wood hammers are usually made of stone, 
and are recognised archaeological ly by the battering which occurs at 
the point of contact with a core. When the load is applied by 
pressing, the fabricator is often called a pressure flaker. They are 
usually made of wood, bone or metal, rather than stone. 
An anvil is an object which supports a stone artefact while it 
is being acted upon by a fabricator. Anvils function mainly to 
immobilize the stone being flaked. Immobilization can take two main 
forms: direct rest in which a core or retouched flake is simply leant 
against the anvil, and bipolar flaking in which a core or retouched 
flake is rested upon the anvil and the force applied to it at an 
angle close to 90° and in the direction of the core's contact with 
the anvil. The difference between these two techniques is that direct 
rest simply helps to immobilize the core, whereas bipolar flaking 
also increases the compressive stresses in the rock and makes point 
initiations more likely (Cotterell and Kamminga 1987:685; Faulkner 
1972:57-61). 
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IMPORTANT VARIABLES IN KNAPPING 
There a re a number of v a r i a b l e s which a f f e c t s toneworking, and 
which knappers must man ipu la t e to produce a r t e f a c t s . Stoneworkers may 
be unaware of the i n f l u e n c e of many of t h e s e f a c t o r s , but s ince they 
a f f e c t t h e o u t c o m e of t h e a c t i v i t y , t h e y a r e i m p o r t a n t i n 
a r c h a e o l o g i c a l r e sea r ch . 
Core v a r i a b l e s 
The i n i t i a l c o n t r o l a knapper has over f r a c t u r e i s t he s e l e c t i o n 
of raw m a t e r i a l . I t ha s a l r e a d y been n o t e d t h a t t h e most s u i t a b l e 
rocks a r e homogeneous, i s o t r o p i c , hard , i n e r t , e l a s t i c , and b r i t t l e . 
In o the r rocks , c o n t r o l over the f r a c t u r e i s d i f f i c u l t . Cont ro l over 
s tone m a t e r i a l may i n v o l v e not mere ly s e l e c t i o n of s u i t a b l e m a t e r i a l , 
but can extend t o the a l t e r a t i o n of the f r a c t u r e c h a r a c t e r i s t i c s of 
t h e s tone . F r a c t u r e q u a l i t y may be improved by soaking the s tone i n 
water (Michalske and Bunker 1987:79; P a t t e r s o n and S o l l b e r g e r 1979), 
warming i t i n t h e sun (Bucy 1974 :8 , 10 ) , o r by c o n t r o l l e d h e a t 
t r ea tmen t (Crabt ree and B u t l e r 1964; F lenn iken and White 1983; Holmes 
1891; M a n d e v i l l e and F lenn iken 1974; Purdy 1971b, 1974). 
The degree t o which s u f f i c i e n t fo rce can be t r a n s f e r r e d i n t o a 
c o r e i s a f f e c t e d by t h e s u r f a c e of t h e s t r i k i n g p l a t f o r m . The 
w e a t h e r e d s u r f a c e of a r o c k , c a l l e d c o r t e x , v a r i e s i n t h i c k n e s s , 
h a r d n e s s and t e x t u r e . W h i l e h a r d , t h i n l a y e r s of c o r t e x m i g h t be 
e f f e c t i v e as p l a t f o r m s , t h e t h i c k e r , s o f t e r t y p e s a b s o r b t o o much 
f o r c e (Phagan 1976 :11 ) . When t h e c o r t e x i s t h i c k and s o f t , k n a p p e r s 
o f t en s t r i k e i t off and use a f l aked p l a t f o r m (Bucy 1974:19; Crabt ree 
1 9 7 2 a : 5 6 ) . F l a k i n g t h e p l a t f o r m can be a c h i e v e d by r e m o v i n g one or 
more l a r g e f l a k e s o r a number of s m a l l f l a k e s ( t e rmed p l a t f o r m 
f a c e t i n g ) . The use of f l aked p l a t fo rms g i v e s t h e knapper more c o n t r o l 
o v e r t h e o r i e n t a t i o n of t h e p l a t f o r m i n r e l a t i o n t o c o r e mass . I n 
t h i s way, f l a k i n g t h e p l a t f o r m can a l t e r t h e amount of f o r c e 
r e q u i r e d , s ince t h i s i s i n f l u e n c e d by the a n g l e between the core face 
and p l a t f o r m (cf. Speth 1981:17). F l a k i n g t h e p l a t f o r m can a l s o a l t e r 
t he l o c a t i o n of t he blow by changing t h e topography of t he p l a t f o r m 
su r face . Sometimes f l a k e d p l a t fo rms a r e too smooth, i n which case t he 
knapper may abrade or f a c e t t he p l a t f o r m t o i n c r e a s e t h e c o e f f i c i e n t 
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of f r i c t i o n and cause micro- f laws i n the sur face (Faulkner 1972:67, 
105, 121; Phagan 1976:12; Speth 1972:38). 
F rac tu r ing i s a f fec ted by the shape and p r o p e r t i e s of the f r e e -
s u r f a c e of t h e c o r e . I n i t i a l l y t h e p r e s e n c e of c o r t e x on t h e c o r e 
f ace may h i n d e r f l a k e r e m o v a l . S tone m a t e r i a l i m m e d i a t e l y b e l o w a 
weathered c o r t i c a l surface may t r ansmi t force poo r ly and a f r a c t u r e 
p a s s i n g t h r o u g h s u c h m a t e r i a l may be d i f f i c u l t t o c o n t r o l . 
A l t e r n a t i v e l y , m a t e r i a l immediately under co r t ex may be of super io r 
q u a l i t y t o t h a t a v a i l a b l e i n s i d e t h e c o r e (Purdy 1971a) . More 
impor tan t ly , r idges cannot be s e t up and i r r e g u l a r i t i e s i n the face 
removed u n t i l the cor tex i s s t ruck off. The p a t t e r n of r i dges on the 
core i s e s t a b l i s h e d by s t r i k i n g off f l a k e s con ta in ing co r t ex on t h e i r 
d o r s a l sur face . 
Even when c o r t e x has been removed, t h e p a t h of f r a c t u r e s i s 
c l o s e l y r e l a t e d t o the c u r v a t u r e of the core face , the prominence and 
p o s i t i o n i n g of r i d g e s , and t h e e x i s t e n c e of i r r e g u l a r i t i e s on t h e 
f r e e - s u r f a c e . The s i z e of a f l a k e , and t h e amount of f o r c e r e q u i r e d 
to remove i t , i s determined as much by the c u r v a t u r e of the core face 
as by the l o c a t i o n of the blow; the more g e n t l e the cu rve , the wider 
the f l a k e . Ridge p o s i t i o n i n g and prominence i s a primary determinant 
of t h e f r a c t u r e p a t h and hence of f l a k e s h a p e . Ridge p a t t e r n s a l s o 
a f f e c t f l a k e t e r m i n a t i o n s . I n t h e a b s e n c e of d i s t i n c t r i d g e s t h e 
f r a c t u r e path spreads and hinge or s t e p t e rmina t ions a r e more l i k e l y 
(cf. Crabtree 1972a:12). When d i s t i n c t r i dges cont inue underneath the 
co re t h e f r a c t u r e may f o l l o w , r emov ing t h e b a s e of t h e c o r e as an 
o u t r e p a s s e t e rmina t ion . 
Hinge and s t ep t e rmina t ing f l a k e s l e a v e p ro t rud ing po r t i ons on 
the core face which a f f e c t t he propaga t ion of f u r t h e r f r a c t u r e s . As 
t h e f r a c t u r e p a t h a p p r o a c h e s t h e s e i r r e g u l a r i t i e s , i t s v e l o c i t y 
d e c r e a s e s , ene rgy i s d i s s i p a t e d and a h i n g e or s t e p t e r m i n a t i o n 
becomes more l i k e l y ( C o t t e r e l l and Kamminga 1979:104). In t h i s way, 
t h e e x i s t e n c e of one s t e p or h i n g e on t h e c o r e f a c e makes i t more 
probable t h a t f u r t h e r f r a c t u r e s w i l l t e rmina te i n a s i m i l a r way. 
Force Variables 
Because f r a c t u r e b e g i n s a t t h e r i n g c r a c k , t h e l o c a t i o n of t h e 
b low i s a major f a c t o r a c c o u n t i n g f o r f l a k e form. F l a k e s a r e more 
e l o n g a t e when t h e b l o w i s l o c a t e d on t h e p l a t f o r m i n l i n e w i t h a 
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v e r t i c a l r i d g e on t h e c o r e f a c e ( C o t t e r e l l and Kamminga 1 9 8 7 : 6 9 3 ; 
C r a b t r e e 1 9 7 2 a : 1 2 , 15) . The d i s t a n c e of t h e b l o w from t h e edge of 
t h e p l a t f o r m d e t e r m i n e s t h e t h i c k n e s s and w i d t h of t h e f l a k e 
( C u l l b e r g 1971; Faulkner 1972:110-115; Speth 1972:53, 1974:15, 1981). 
S t r i k i n g c l o s e t o t h e c o r e edge r e q u i r e s l e s s f o r c e , and p r o d u c e s 
s m a l l e r f l a k e s w i t h s m a l l e r b u l b s ( C o t t e r e l l and Kamminga 1979; 
Crab t ree 1976:18; Speth 1974:15). S t r i k i n g c l o s e t o t he edge may a l s o 
crush or d i s i n t e g r a t e the p l a t fo rm, dec reas ing the fo rce t r a n s m i t t e d 
and p r o d u c i n g t r u n c a t e d t e r m i n a t i o n s or an i n c o m p l e t e f r a c t u r e 
(Crabt ree 1972b:30; Faulkner 1 9 7 2 : 1 3 1 ; S p e t h 1 9 7 2 : 3 8 ) . Th i s p r o b l e m 
i s a c c e n t u a t e d i f t h e r e i s an o v e r h a n g a t t h e p l a t f o r m e d g e , and 
knappers may a t tempt to remove such f e a t u r e s when s t r i k i n g c l o s e to 
t h e edge of t h e p l a t f o r m . S t r i k i n g f a r from t h e c o r e edge r e q u i r e s 
more f o r c e , p r o d u c e s l a r g e r f l a k e s and may r e s u l t i n o u t r e p a s s e 
t e rmina t i ons (Faulkner 1972:110-115; Phagan 1976:13). 
The ang l e of force can be v a r i e d by manoeuvring t h e pe rcusso r , 
t i l t i n g the core , or modifying the core (Crab t ree 1968:474; Faulkner 
1972:10-15) . Energy i s most e f f e c t i v e l y t r a n s f e r r e d u n d e r ' n o r m a l ' 
l o a d i n g , i n which t h e f o r c e i s d i r e c t e d a t 90° t o t h e p l a t f o r m 
( C r a b t r e e 1968 :464 ; F a u l k n e r 1 9 7 3 : 1 1 8 - 1 2 0 ) . Inward d i r e c t i o n s of 
f o r c e n e c e s s i t a t e d r a m a t i c i n c r e a s e s i n t h e f o r c e r e q u i r e d f o r 
f r a c t u r e and consequent ly incomple te f r a c t u r e s or f l a k e s w i th hinge 
or s t e p t e rmina t i ons a r e common (Faulkner 1972:121; Phagan 1976:22-
24). Where s u f f i c i e n t fo rce i s a p p l i e d , inward d i r e c t i o n s may r e s u l t 
i n ou t r epas se t e rmina t ions ( C o t t e r e l l , Kamminga and Dickson 1985:215; 
C u l l b e r g 1971 :47 ) . Outward d i r e c t i o n s of f o r c e i n c r e a s e t h e 
l i k e l i h o o d of s t e p and hinge t e r m i n a t i o n s , dec rea se t he prominence of 
t h e b u l b , and d e c r e a s e t h e amount of f o r c e r e q u i r e d ( C o t t e r e l l , 
Kamminga and Dickson 1985:214-215; Fau lkner 1972; Speth 1972:38). 
The f o r c e r e q u i r e d i s p r o p o r t i o n a l t o t h e s i z e of t h e f l a k e 
removed and the s t r e n g t h of the rock (Faulkner 1972; Speth 1972;57; 
1 9 7 4 : 1 1 , 2 7 ) . S u f f i c i e n t and a p p r o p r i a t e f o r c e s h o u l d r e s u l t i n a 
f e a t h e r t e r m i n a t i o n . Where i n s u f f i c i e n t f o r c e i s s u p p l i e d b u t 
f r a c t u r e s t i l l occurs and t h e r e i s an outward d i r e c t i o n of f o r ce , the 
f l a k e w i l l e x h i b i t a h i n g e t e r m i n a t i o n ( C o t t e r e l l and Kamminga 
1977:12-14; C u l l b e r g 1971:47; Fau lkner 1972:123-124; Speth 1972:41). 
The l i k e l i h o o d of h i n g e t e r m i n a t i o n s o c c u r r i n g i s i n c r e a s e d by 
i n c l u s i o n s , c r acks , or i r r e g u l a r i t i e s i n t h e m a t e r i a l . The presence 
of hinge t e r m i n a t i o n s i s u s u a l l y d e t r i m e n t a l t o f u r t h e r r e d u c t i o n of 
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t h e c o r e and i s o f t e n t a k e n t o i n d i c a t e an e r r o r on t h e p a r t of t h e 
knapper (eg. Cundy 1977:44-46; Muto 1976:58-60; Nichols and A l l s t a d t 
1 9 7 8 ; P h a g a n 1 9 7 6 : 5 6 ; R a n e r e 1 9 7 5 : 1 8 2 ; S h e e t s 1 9 7 4 b ) . Where 
i n s u f f i c i e n t f o r c e o c c u r s , w i t h or w i t h o u t a l a t e r a l component of 
f o r c e d i r e c t i o n , s t e p t e r m i n a t i o n s become common as f l a k e s a r e 
snapped off before the f r a c t u r e i s completed and/or as the f r a c t u r e 
path a b r u p t l y changes d i r e c t i o n towards the f ree sur face ( C o t t e r e l l 
and Kamminga 1979) . E x c e s s i v e f o r c e may i n c r e a s e c u r v a t u r e of t h e 
f r a c t u r e p lane and i n extreme cases produce ou t repasse t e rmina t ions 
(Phagan 1976:26) . E x c e s s i v e f o r c e may a l s o c r u s h t h e p l a t f o r m and 
p roduce s h e a r i n g , h a c k l i n g and o t h e r t r a i t s (Bixby 1945 :361 ; 
C o t t e r e l l and Kamminga 1979; Crabt ree 1968:468-9; Faulkner 1972:145-
147; Speth 1972:38) . 
Although the same mechanics a re i n v o l v e d , a d i v i s i o n i s of ten 
made i n t h e d u r a t i o n o v e r which t h e l o a d i s a p p l i e d ( C o t t e r e l l and 
Kamminga 1979:101, 1987:681; Faulkner 1972:135). In p r e s su re f l a k i n g 
the load i s a p p l i e d s t a t i c a l l y , whereas i n pe rcuss ion f l a k i n g i t i s 
d y n a m i c a l l y l o a d e d . From t h e k n a p p e r ' s v i e w p o i n t , t h e s i g n i f i c a n t 
d i f f e r e n c e i s t h a t t h e l o c a t i o n of t h e a p p l i e d f o r c e can be more 
p r e c i s e u s i n g p r e s s u r e and hence t h e r e g u l a r i t y and p r e c i s i o n of 
f l a k e r e m o v a l can be g r e a t e r t h a n when u s i n g p e r c u s s i o n (Bryan 
1960:29; C o t t e r e l l and Kamminga 1979, 1987:681; Crabt ree 1968:451). 
Pressure f l a k i n g i s , however, most advantageous when removing smal l 
f l a k e s . 
Hammer V a r i a b l e s 
Auerbach o b s e r v e d t h a t t h e s m a l l e r t h e c o n t a c t a r e a of t h e 
inden te r , the g r e a t e r the load r equ i r ed t o induce f r a c t u r e (Ackerly 
1978:480; Auerbach 1891; Speth 1972:48). The s i z e of the con tac t a rea 
v a r i e s wi th the s i z e , shape, d e n s i t y and hardness of the i nden t e r as 
w e l l as the p l a t fo rm shape. Curva ture of the hammer, and the ex ten t 
t o which i t w i l l deform, a r e t h e main f a c t o r s which a knappe r must 
a l t e r i n order t o change the s i z e of the con tac t a rea . 
To be e f f e c t i v e , t h e hammer must h a v e a g r e a t e r r e s i s t a n c e t o 
f r a c t u r e t h a n t h e c o r e . I n dynamic l o a d i n g , t h e hammer must a l s o be 
roughly symmetr ical , sma l l enough to be l i f t e d and manoeuvred, and 
heavy enough t o remove a f l a k e of t h e a p p r o p r i a t e s i z e . P r e s s u r e 
f l a k e r s c h a r a c t e r i s t i c a l l y have s m a l l con tac t a r eas t o maximize the 
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p r e c i s i o n w i t h which t h e f o r c e i s l o c a t e d . I n d i r e c t p e r c u s s i o n , i n 
which a punch p l a c e d on t h e p l a t f o r m i s s t r u c k by t h e hammer, i s 
sometimes employed to i n c r e a s e t he p r e c i s i o n and v e r s a t i l i t y of force 
placement dur ing pe rcuss ion knapping. 
I n e r t i a 
I n many ways , s t o n e w o r k i n g may be c o n s i d e r e d as a p r o b l e m of 
core immobi l i za t ion . Unless made immobile, a p i ece of s tone w i l l move 
r a t h e r t h a n f r a c t u r e when i t i s s t r u c k . The l i k e l i h o o d of t h e c o r e 
moving v a r i e s w i t h i t s i n e r t i a and t h e amount and d i r e c t i o n of t h e 
f o r c e a p p l i e d t o i t . Of ten t h e r e l a t i o n s h i p b e t w e e n t h e s e f a c t o r s 
c r e a t e s no p r o b l e m , b u t when t h e f l a k e r e q u i r e d i s l a r g e compared 
w i t h t h e s i z e , shape and mass of t h e c o r e , t h e f o r c e w i l l overcome 
core i n e r t i a and the energy w i l l be used t o move the core r a t h e r than 
c r e a t e f r a c t u r e . As t he core becomes s m a l l e r , t h i s i n e r t i a problem i s 
more pronounced s ince r e l a t i v e l y more fo rce i s r e q u i r e d t o i n i t i a t e 
f r a c t u r e (Speth 1972:56). 
The re a r e two main ways t o p r e v e n t t h e c o r e from moving when 
s t r u c k : t h e c o r e can be h e l d i n one hand , or b r a c e d a g a i n s t a n o t h e r 
o b j e c t , such as t h e g round , a n o t h e r r o c k , o r t h e k n a p p e r ' s knee 
(Crabt ree 1972a). The most e f f e c t i v e way t o immobi l ize cores of low 
i n e r t i a , and a l l o w l a r g e f o r c e s t o be a p p l i e d t o s m a l l c o r e s , i s 
c a l l e d the b i p o l a r t echnique . B ipo la r knapping c o n s i s t s of p l a c i n g 
the core on an a n v i l and s t r i k i n g i n t o a core a t 90° t o t he p l a t fo rm 
and i n l i n e w i th t he po in t of con tac t w i th t h e a n v i l (Hiscock 1982). 
Because t h e c o r e i s i m m o b i l i s e d by b e i n g h e l d a g a i n s t t h e a n v i l , a 
l a r g e hammer can be used t o app ly l a r g e amounts of fo rce and deve lop 
l a r g e c o m p r e s s i o n a l s t r e s s e s ( C o t t e r e l l and Kamminga 1987 :688-9 ; 
Faulkner 1972:57-61). 
There a re o the r f a c t o r s which de termine whether t h e knapper has 
p r o b l e m s w i t h c o r e i n e r t i a . The t e n d e n c y f o r t h e c o r e t o move when 
s t r u c k i s d e c r e a s e d by a p p l y i n g l e s s f o r c e t o i t . Thus , i f f l a k e s 
s t r u c k of f a r e s m a l l compared w i t h t h e c o r e , t h e k n a p p e r may 
encounter no problems. To avo id app ly ing unnecessary fo rce t o a co re , 
s t o n e w o r k e r s recommend u s i n g a hammer s m a l l e r t h a n t h e c o r e b e i n g 
worked (eg. Bixby 1945:359; Crab t ree 1968:459). 
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Core shape also plays a role in determining whether inertia is 
overcome (cf. Cotterell and Kamminga 1987:693-8; Speth 1981). For 
example, the angle between the platform and the core face is a 
determinant of the force required to remove a flake of a standard 
size. Curvature of the core face, the prominence of ridges and the 
position of the platform relative to the rest of the core are all 
factors which affect the susceptibility of a core to move rather than 
fracture. 
It is important for the knapper to control the movement of the 
core, because if it is unstable under the application of force, it is 
difficult to balance all of the variables involved in knapping and 
undesirable results become more likely. In situations of low inertia, 
detrimental alterations to the structure of the core may occur when 
large amounts of force crush, batter, and initiate fractures but do 
not remove flakes. Hinge and step terminations become likely, thereby 
altering core shape and making further reduction difficult. It is in 
these situations that the knapper is most likely to be hurt, striking 
fingers or driving the core into the hand or leg. 
Techniques 
Not all blows are made in the same way. Knappers may use various 
indenters, apply force by pressure or percussion, strike the core 
with a hammer or strike the hammer with the core, strike the core 
directly or indirectly, rest the core in the hand or on the leg or on 
an anvil, bind the core or place it in a vice, sit or stand or kneel 
while knapping, and so on. Combinations of these ways of knapping may 
be employed in certain circumstances and confer both advantages and 
disadvantages. These ways of applying force, the positioning and 
moving the body, and the combination of objects employed, are the 
techniques of the knapper. The concept of technique is therefore a 
way of summarizing the particular core, force and hammer variables 
which the knapper used. 
The use of the concept of "technique" in this thesis is similar 
to that of Davis (1972:24), namely that it refers to "...a 
distinctive and specific procedural method or process employed during 
manufacturing activities". In this sense, the term technique 
incorporates what Newcomer (1975) called mode and technique, but is 
not as broad as Crabtree's (1972a:93) usage. The degree to which 
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different techniques produce different artefacts is much debated 
amongst knappers. Some, such as Newcomer (1975:98), argue that while 
some aspects create distinctive debris, many details (such as direct 
percussion versus indirect percussion) are unlikely to be reflected 
archaeological ly. The reason for this is that "...an expert knapper 
can counterfeit any knapping mode using any other..." (Johnson 
1978:358; see also Mewhinney 1964). Nevertheless, other knappers and 
archaeologists persist in a belief that the most detailed component 
of knapping techniques is imprinted upon the resulting artefacts. 
Knapping skill 
"Skill" is a relative measurement of the variation between 
individuals in the proficiency with which they can reduce stone. Some 
knappers are more able at working stone than others and are regarded 
as more skilled. Skill in artefact manufacture consists of several 
factors. The one most frequently discussed is the accuracy with which 
force is applied, and the appropriate co-ordination of muscle 
movements. In an assessment of one of the more difficult aspects of 
gun-flint manufacture Skertchly (1879:28) concluded that. 
This is the most difficult branch of the 
business, and requires great skill and nicety of 
judgement. The stone must be struck at the 
proper angle, in the exact spot, with a certain 
force, and by a given portion of the face: and 
all but the first of these elements vary with 
every flake struck. Many knappers are unable to 
flake, and few attain great proficiency in the 
art. 
It is clear that "skill", in the sense of "great proficiency" in the 
application of blows, varies greatly between people, and even between 
knappers who practice constantly. As Skertchly implies, skillfulness 
is not necessarily constant for all aspects of stoneworking, with 
different knapper's being proficient in some techniques or phases but 
not in others. 
The ability to make stone artefacts is not instinctive, and by 
far the greatest part of a knapper's skill is obtained by practice. 
Crabtree (1972a:3) was explicit in his description of the importance 
of experience in improving skill. 
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After the rough m a t e r i a l has been reduced to a 
s tage where the worker can r e p e t i t o u s l y remove a 
s e r i e s of f l a k e s from t h e m a r g i n , t h e mind, eye 
and muscular responses of ten deve lop a rhythmic 
and sub-conscious r e a c t i o n to app ly ing the fo rce . 
E x p e r i e n c e and h a b i t e v e n t u a l l y c a u s e t h e 
w o r k e r ' s m u s c l e s t o r e s p o n d s u b c o n s c i o u s l y t o 
induced force . The hand ho ld ing the p iece being 
w o r k e d s u b c o n s c i o u s l y m o v e s o r r o l l s t o 
c o u n t e r a c t t h e f o r c e a p p l i e d by the percussor . . . 
The d i r e c t i o n and amount of f o r c e needed t o 
d e t a c h a f l a k e of a g i v e n d i m e n s i o n becomes 
i n t u i t i v e when the worker becomes f a m i l i a r wi th 
t h e components of t h e l i t h i c m a t e r i a l , can 
r e l a t e the s i z e and weight of t he f a b r i c a t o r , and 
e x p e r t l y app ly the technique . 
Crabtree makes i t c l e a r t h a t a knapper 's s k i l l r e s t s i n f a m i l i a r i t y 
w i t h t h e o b j e c t s u sed . Vary t h e hammer, t h e raw m a t e r i a l or t h e 
o b j e c t i v e and t h e p r o f i c i e n c y of e v e n t h e most p r a c t i c e d k n a p p e r s 
w i l l be r educed u n t i l t h e y h a v e a d j u s t e d t o t h e new c i r c u m s t a n c e s . 
Another aspect of s k i l l , t h e r e f o r e , i s the speed wi th which a knapper 
ad jus t s to new ci rcumstances . Experiments have documented the l eng th 
of t ime i t t a k e s k n a p p e r s t o a c q u i r e s k i l l s and t h e i n c r e a s e s i n 
speed and s u c c e s s which accompany t h o s e s k i l l s (eg . Johnson 1976; 
Nichols and A l l s t a d t 1978). 
S k i l l i s not merely the e f f i c i e n c y and p r e c i s i o n of s t r i k i n g off 
a f l a k e . The a b i l i t y to avoid or overcome d i f f i c u l t i e s , and thereby 
a c h i e v e t h e most a d v a n t a g e o u s r e s u l t s , i s a n o t h e r component of 
" s k i l l " . This a b i l i t y may be as s imple as the a p p r o p r i a t e choice of 
m a t e r i a l o r t h e a p p l i c a t i o n of t h e a p p r o p r i a t e amount of f o r c e . 
Sker t ch ly (1879:29) framed t h i s view for the Brandon f l i n t w o r k e r s : 
The s t o n e v a r i e s i n q u a l i t y , some r u n n i n g w e l l 
and c l e a n , o t h e r s b r e a k i n g o f f s h o r t and 
" s t u b b l y " ; and u n l e s s t h e f l a k e s a r e s t r u c k of 
d i f f e r e n t s i z e s much w a s t e would e n s u e . I t i s 
t h i s judgement which d i s t i n g u i s h e s a good from an 
i n f e r i o r f l a k e r ; a good one would work to p r o f i t 
s tone which an i n f e r i o r man would l o s e money. 
On some o c c a s i o n s , t h e c o n t i n u e d and e f f i c i e n t r e d u c t i o n of a c o r e 
r equ i r e s the use of d i f f e r e n t techniques of knapping. In t h i s contex t 
" s k i l l " i s r e f l e c t e d i n t h e r a n g e of s t o n e w o r k i n g t e c h n i q u e s a 
knapper can apply and the a b i l i t y t o app ly the r i g h t one a t the r i g h t 
t ime. 
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Reduction strategies 
Each flake alters the mass and morphology of the core, and 
thereby affects the sort of blow the knapper will apply next and the 
type of flake that blow will detach. The choices, possibilities and 
problems which will be encountered in the future are to some extent 
determined by the current actions of the knapper. For this reason, 
knapping involves strategies by which blows are ordered in particular 
ways. 
Strategies are culturally defined frameworks which help 
knappers apply their skill; flexible sets of guidelines of what to do 
in a given circumstance. Such frameworks should not be conceived of 
as a unilinear sequence of steps that the knapper must inevitably 
apply, but rather as a matrix which relates the circumstances 
encountered to a range of appropriate responses. In this sense, 
strategies are merely a means by which knappers organise their 
activities. They do not necessarily predetermine the knapper's 
actions, since in any situation there is a range of appropriate and 
inappropriate actions that the knapper might apply. Furthermore, the 
existence of a strategy does not mean that the knapper refers to a 
plan between each blow. On the contrary, knappers tend to work 
automatically, building rhythms to their movements, until a problem 
emerges or there is a natural break in the activity, and then the 
knapper refers to the strategy. This results in the intermittent 
activity that can be observed in stoneworking. 
Nor does the existence of a strategy overcome deficiencies in 
the knapper's skill or repertoire. One feature of a knapping 
strategy, however, is that it allows knappers to compartmentalize 
their repertoire and thereby limit the number of options that have to 
be considered. Although a knapper may have a range of different 
techniques, only a few may be considered and employed in any 
particular situation (cf. Flenniken 1985). 
For these reasons, reduction strategies often enable the knapper 
to remove flakes efficiently, cope with changes to the core during 
reduction, or remove undesirable features. Strategies may also 
incorporate ways of dealing with contextual problems such as a 
scarcity of raw material. 
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PROBLEMS AND THRESHOLDS 
Stone used by knappers is rarely fine-grained and perfectly 
homogeneous, nor does it always come in the most suitable sizes or 
shapes. It is not always possible for knappers to have the most 
appropriate hammers for the task at hand. Not all knappers are highly 
skilled and even talented knappers make mistakes. The strategies and 
techniques knappers employ may work for some cobbles from a quarry 
and not others, or may prove effective for initial reduction but not 
later stages. These and similar factors work in concert to create 
problems which can prevent or discourage further reduction. So it 
goes. 
Some of the problems which arise are sudden and unpredictable. 
Knappers rarely know precisely when a hammer will break, when they 
will strike a hidden flaw in the core, or mis-place a blow. Many of 
these unexpected problems are single events and need not prevent 
further reduction or even require the knapper to modify the processes 
of stoneworking. For example, a local fault in the material which 
results in a small step termination may cause little or no trouble. 
Some problems may be insurmountable, however, and cause the knapper 
to abandon work. Breaking the only hammerstone or accidentally 
removing the base of the core as an outrepasse termination are 
examples of such singular problems. 
Other problems are a result of predictable trends which will 
occur on many cores of the same material if similar techniques and 
strategies are used. For example, knappers working at one quarry may 
repeatedly encounter a particular problem when cores have been 
reduced to a point at which their inertia is not great enough to keep 
them still when struck. In this case the instability of the core and 
the consequent difficulties in knapping will increase gradually until 
they are so great that continued reduction of the same type is either 
no longer profitable or no longer possible. The point at which the 
knapping procedures are no longer adequate can be termed a threshold. 
The knapper can respond to thresholds in two ways: cease reduction 
and discard the core, or employ some technique which is more 
appropriate to the problem at hand and which will enable reduction to 
continue. When the only response a knapper makes is to discard the 
core, the threshold is said to be impermeable. This is the discard 
threshold. If, on the other hand, some of the cores pass through the 
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threshold it can be described as permeable. The probability of these 
problems occurring may be obvious to the knapper, but it does not 
always follow that they are therefore avoidable. 
As an example. Figure 2:5 shows the thresholds related to inertia 
problems in quartz knapping, drawn from a study on coastal New South 
Wales (Hiscock 1982). As the core is reduced while held in the 
knapper's hand, it becomes increasingly difficult to immobilize when 
struck. Eventually a threshold is reached, and reduction cannot 
continue unless some new technique is employed. At this point many 
cores are abandoned as the knapper decides that it is not possible or 
profitable to apply new techniques. This is a permeable threshold, 
however, and by switching to bipolar techniques the knapper can 
overcome the inertia problem on some cores and reduced them further. 
With even further reduction the inertia problem re-emerges, but this 
time there is no way to overcome the problem and the threshold Is 
impermeable. Any core which has become this small is abandoned. 
RECTIFICATION/CORRECTION PROCEDURES 
Knappers can respond to these problems in a number of ways. The 
simplest solution is to abandon the core when the problem becomes 
critical. This solution may be inappropriate in situations where 
artefacts are needed but there are no other cores which can be 
reduced further. Other measures must then be adopted, the ones chosen 
depending on the size and shape of the core and the nature of the 
problem. 
Solutions might involve the knapper altering the quality of the 
material by heat treatment, and/or by using a new technique or 
strategy. Alternatively, the knapper could continue to employ the 
same techniques and strategies but subtly alter their application, 
for example by changing the amount of applied force or the location 
of the blow. Generally, the more dire the problem, the more dramatic 
the response it will elicit from the knapper, although it is not 
unusual to observe knappers attempt several low-key forms of action 
to correct a problem before applying more major changes in the 
knapping technique. The reason for this reticence to initiate a major 
change in knapping technique is that such changes often have 
irreversible effects on the reduction. Employing procedures such as 
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overhang removal or p la t fo rm f a c e t i n g l e a v e no l a s t i n g e f f e c t s on the 
co re s i n c e t h e s e f e a t u r e s a r e removed on t h e f l a k e which t h e y 
a f fec t . In c o n t r a s t , c o r r e c t i n g d i f f i c u l t i e s by changing the f l a k i n g 
c h a r a c t e r i s t i c s of the s tone wi th hea t or by d r a m a t i c a l l y a l t e r i n g 
core s i z e and morphology, by r o t a t i n g i t t o s e t up numerous p la t fo rms 
or by some o t h e r m e a s u r e , w i l l a l t e r t h e n a t u r e of any f u t u r e 
reduc t ion of the rock. Heat t r e a t i n g changes the f r a c t u r e p r o p e r t i e s 
of the core not merely wh i l e a p a r t i c u l a r problem i s being overcome, 
but for a l l time (Flenniken and White 1983; Purdy 1974). S i m i l a r l y , 
r o t a t i n g t h e c o r e and s e t t i n g up m u l t i p l e p l a t f o r m s may a v o i d or 
remove a problem f e a t u r e , but the r e s u l t i n g core has a very d i f f e r e n t 
arrangement of ang les and r idges and might r e q u i r e f u r t h e r r o t a t i o n 
for r educ t ion to cont inue . In o the r words, any a l t e r a t i o n of the core 
has repercuss ions for what a knapper can ach i eve , and the g r e a t e r the 
a l t e r a t i o n , t h e g r e a t e r t h e change t h a t w i l l be r e q u i r e d i n t h e 
knappe r s a c t i v i t i e s d u r i n g f u r t h e r r e d u c t i o n . I n p a r t i c u l a r , any 
major change i n the core may a l t e r the na tu r e and s c a l e of problems 
which a r i s e l a t e r i n r educ t ion . Consequently, the method employed i n 
overcoming one p r o b l e m may i t s e l f be t h e c a u s e of f u r t h e r , p e r h a p s 
more s e v e r e , problems. In a d d i t i o n , i f for any problem t h e r e i s more 
t h a n one p o s s i b l e s o l u t i o n , t h e c h o i c e of t h e s o l u t i o n which i s 
employed can determine the form t h a t f u r t h e r r educ t ion w i l l t ake . 
I n m o s t s t o n e w o r k i n g t e c h n o l o g i e s , some p r o c e d u r e s a r e u sed 
e x c l u s i v e l y t o r e c t i f y p r o b l e m s , w h i l e o t h e r s a r e a l s o used when 
the re a re no problems. Some procedures may be abandoned when problems 
a r i s e because they would cause or would exacerba te the d i f f i c u l t y . I t 
i s not p o s s i b l e simply t o l i s t the procedures which f a l l i n t o each of 
t h e s e c a t e g o r i e s b e c a u s e t h e y v a r y w i t h many f a c t o r s . A p r o c e d u r e 
which would s o l v e one p r o b l e m may e x a g g e r a t e a n o t h e r . S i n c e t h e 
outcome of a blow v a r i e s wi th t he p r o p e r t i e s of the raw m a t e r i a l , i t 
i s p o s s i b l e for a procedure t o s o l v e a problem on one type of s tone , 
bu t on a n o t h e r t o h a v e t h e o p p o s i t e e f f e c t . F u r t h e r m o r e , what i s an 
a p p r o p r i a t e r e s p o n s e i n one t e c h n o l o g y may be i n a p p r o p r i a t e i n 
another , even though the problem i s the same. For example, w h i l e i t 
would n o t be s e n s i b l e t o remove a p r o t r u d i n g lump from a b i f a c e by 
u s i n g l a r g e amounts of f o r c e a p p l i e d i n a b i p o l a r t e c h n i q u e t h i s 
would be a p p r o p r i a t e on some s i n g l e p l a t fo rm cores . 
25 
Chapter 2 
Obviously, some problems have no solutions. Indeed, since all 
cores are eventually abandoned, it can be argued that an insolvable 
problem always emerges. However, there are many occasions when a 
problem can be easily overcome if appropriate measures are taken 
early enough, but which may become insurmountable if nothing is done. 
This is often the case with the gradual and predictable approach of a 
permeable threshold. For example, there may be a gradual decline in 
the availability of suitable platform angles on a core. This is a 
problem which would gradually become severe, and, at length, if the 
knapper undertook no correction procedure, the core might become 
unuseable. If the knapper waited until the problem was pronounced it 
might be difficult or impossible to solve, but if correction 
procedures were employed immediately, this trend towards unusable 
platforms might be successfully reversed. The early use of a 
procedure to overcome a developing problem will often maintain the 
core in a relatively stable state and only simple correction 
procedures may be needed. If, on the other hand, the core is almost 
unuseable before any action is taken, more dramatic correction 
procedures are likely to be required. 
CONSTRAINTS AND VARIATIONS 
As Flenniken (1984:191) pointed out, there are variations in any 
assemblage of chipped artefacts because there are variations in the 
constraints imposed upon a knapper by the characteristics of the 
stone material. Knappers can apply essentially the same blows and 
follow the same strategy when reducing geologically different types 
of rock, but the flakes and cores produced will usually differ in 
size and shape. In Australia, this is frequently acknowledged for the 
contrast between assemblages made on quartz and those made on other 
rocks, but it is equally applicable to all rock types. Even working 
one type of material does not assure the knapper of a uniform or 
ideal medium, since from any outcrop there are variations in fracture 
properties reflecting the presence of impurities, differences in 
grain size, nodule size and shape, thickness and hardness of cortex, 
and so on. 
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Problems may arise in the reduction of one nodule but not in the 
next. This variation may result simply from the existence of some 
unpredictable feature in the stone. Problems may also result from the 
cumulative effect of certain combinations of size, shape and cortex. 
Subtle variations between nodules can produce dramatic differences in 
artefact form. 
Perhaps more important in the production of variation is the 
response of the knapper to a given situation. In any stoneworking 
technology, the knappers possess a repertoire of strategies, 
techniques, and rectification procedures. Any problem can be 
prevented or solved by the application of only a limited portion of 
this repertoire, and so the emergence of a given problem in the 
reduction of one nodule is likely to elicit from the knapper 
behaviour which would not otherwise occur. Moreover, in some 
technologies knappers may have more than one possible response to 
particular problems. Where this occurs the variation in material 
culture is likely to be increased because, as noted earlier, each 
response will alter the core in a different way and lead to different 
problems which in turn will require their own particular solutions. 
This multiplicity of constraints and variations, problems and 
reisponses has two major implications for an understanding of stone 
working. Firstly, because there is a variety of technological 
procedures applied by knappers within one 'technology' it is possible 
for there to be a number of different manifestations of that 
technology. This emphasises the point made earlier, that technology 
and material culture are distinctly different phenomena. Secondly, it 
underscores one of the difficulties with the concept of the mental 
template, which postulates that artisans mentally visualise ideal 
specimens and manufacture artefacts to those specifications (cf. 
Crabtree 1972a:76). Stoneworking involves employing a variety of 
procedures, usually learnt through observation, not merely the 
unquestioning shaping of the stone to a desired form. Flenniken's 
(1984:191) statement on this point is unequivocal: 
Flintknappers and replicators do not have mental 
templates as "the idea of the proper form of an 
object"... in their minds as they produce a 
flaked stone tool... Rather, they employ a 
"culturally" determined reduction technique that 
is selected to reduce a specific size, shape, and 
geological type of lithic material... 
27 
Chapter 2 
2 . 2 METHODS OF TECHNOLOGICAL ANALYSIS 
Having i n t r o d u c e d t h e dynamics of k n a p p i n g , i t i s p o s s i b l e t o 
l o o k a t t h e methods by which a r c h a e o l o g i s t s can i n f e r p r e h i s t o r i c 
s t o n e w o r k i n g . S i n c e i t i s n o t p o s s i b l e t o d e s c r i b e a l l a s p e c t s of 
t e c h n o l o g y , any t e c h n o l o g i c a l a n a l y s i s must be p r o b l e m - o r i e n t e d . 
Thus , no s i n g l e a n a l y t i c a l p r o c e d u r e can c o m p l e t e l y d e s c r i b e 
p r e h i s t o r i c s t o n e w o r k i n g ; each method may h a v e c o n s t r a i n t s and 
p o t e n t i a l s d i f f e r e n t from t h e n e x t . Th i s s e c t i o n examines t h e 
c h a r a c t e r i s t i c s of s e v e r a l approaches. 
EXPERIMENTATION 
Exper imentat ion has of ten been used as a source of in format ion 
about stoneworking (Johnson 1978). Although t h e r e i s a long h i s t o r y 
of a r c h a e o l o g i s t s who f l a k e d s t o n e a s an a d j u n c t t o t h e i r 
i n v e s t i g a t i o n s (Johnson 1978), s toneworking has g a i n e d c o n s i d e r a b l e 
p o p u l a r i t y wi th a r c h a e o l o g i s t s s ince Crab t ree ' s p u b l i c a t i o n s i n the 
1960 ' s and e a r l y 1970 ' s ( C r a b t r e e 1966, 1967a , 1967b, 1968 , 1970, 
1972a, 1972b, 1973a, 1973b, 1974) . E x p e r i m e n t a t i o n h a s had two main 
r o l e s i n a r c h a e o l o g i c a l i n v e s t i g a t i o n s . F i r s t l y , i t h a s p r o v i d e d 
g e n e r a l p r i n c i p l e s of stoneworking and c o r r e l a t i o n s between knapping 
a c t i o n s and f r a c t u r e c h a r a c t e r i s t i c s . I n t h i s w a y , s k i l l e d 
stoneworkers such as Crab t ree employed t h e i r exper ience t o genera te 
i n t u i t i v e models of f r a c t u r e p r o c e s s ( C r a b t r e e 1972b) , t o d e s c r i b e 
and name f r a c t u r e f e a t u r e s (Crabtree 1972a), and t o p r o v i d e e s t ima te s 
of t h e s i g n i f i c a n c e of each of t h e k n a p p i n g v a r i a b l e s i n f l a k e 
p r o d u c t i o n ( C r a b t r e e 1968 , 1972b; C r a b t r e e and Bordes 1969) . 
Exper imenta t ion of t h i s kind proved h i g h l y s u c c e s s f u l i n demyst i fying 
and o rde r ing the sub jec t . N e v e r t h e l e s s , more c o n t r o l l e d l a b o r a t o r y 
e x p e r i m e n t s a r e now p r e f e r r e d (D incauze 1978 :360 ; C o t t e r e l l and 
Kamminga 197 7, 1987; Faulkner 1972; Speth 1972, 1974, 1975, 1981). 
The s e c o n d r o l e of e x p e r i m e n t a t i o n i n t h e s t u d y of 
a r c h a e o l o g i c a l s t o n e a r t e f a c t s i s as an a n a l o g u e f o r p r e h i s t o r i c 
manufacture. This view was most f o r c i b l y d e m o n s t r a t e d by C r a b t r e e , 
who employed r e p l i c a t i o n as a means of d e s c r i b i n g t h e p r o c e s s of 
implement manufacture when the implement was no t a s s o c i a t e d w i th i t s 
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deb i tage . His most famous use of t h i s procedure i s a study of Folsom 
P o i n t s ( C r a b t r e e 1966) , a l t h o u g h he used t h e a p p r o a c h on o t h e r 
occasions (Crabtree and Bordes 1969; Crabt ree 1968, 1973b). By making 
the implement h imsel f , Crabt ree was a b l e to observe the manufacturing 
process and desc r ibe the r e s u l t i n g d e b r i s , something he was not a b l e 
t o do from i n s p e c t i n g i s o l a t e d a r c h a e o l o g i c a l s p e c i m e n s . C r a b t r e e 
b e l i e v e d t h a t t h i s p r o c e s s c o n s t i t u t e d an a r c h a e o l o g i c a l t e s t of 
t heo r i e s about p r e h i s t o r i c a c t i v i t i e s . He claimed t h a t : 
There i s n o t h i n g as p o t e n t as e x p e r i m e n t f o r 
v e r i f y i n g l i t h i c t echn iques . I t a l l o w s the worker 
to record a l l the s t ages of manufacture, t o study 
the c h a r a c t e r i s t i c s of the deb i t age f l a k e s , and 
to prove or d i sp rove the theory . The a n a l y s t can 
bes t v e r i f y h i s t h e o r i e s by experiment. (Crabtree 
1972a:3-4) 
This v i ew has g a i n e d p o p u l a r i t y and i s now echoed by a number of 
a r c h a e o l o g i s t s . For example, F lenniken (1984:200) wrote t h a t . 
R e p l i c a t i o n of f l a k e d s t o n e t o o l r e d u c t i o n 
t e c h n o l o g i e s w i t h i n s t r i c t s c i e n t i f i c and 
e x p e r i m e n t a l g u i d e l i n e s w i l l be t h e o n l y 
demonstrable method of unders tanding p r e h i s t o r i c 
behaviour r e f l e c t e d by f l i n t k n a p p i n g . 
The b a s i s of t h i s v i e w i s t h e p r o p o s i t i o n t h a t t h e r e p l i c a t o r 
can know a l l p o s s i b l e k n a p p i n g t e c h n i q u e s , t h a t a l l t e c h n i q u e s or 
combinations of techniques l e a v e d i s t i n c t i v e marks on the d e b r i s , and 
t h a t t h e r e i s on ly one way of producing a g iven se t of a r c h a e o l o g i c a l 
deb r i s . Consequently, i t i s argued t h a t by r e p l i c a t i n g a r c h a e o l o g i c a l 
objec ts the a r c h a e o l o g i s t d e r i v e s c e r t a i n knowledge of the na tu r e of 
p r e h i s t o r i c manufacture. F lenn iken s t i p u l a t e d a number of p rocedura l 
r u l e s which must be fo l lowed i n t he se arguments. 
R e p l i c a t i o n , as the term i s used he r e , a m p l i f i e s 
Crab t ree ' s concept. R e p l i c a t i o n , i n i t s s t r i c t e s t 
s e n s e , i s r e p r o d u c i n g s t o n e t o o l s , u s i n g t h e 
a b o r i g i n a l a r t i f a c t s a s c o n t r o l s , u s i n g 
stoneworking f a b r i c a t o r s s i m i l a r to the ones i n 
a b o r i g i n a l use , employing the same raw m a t e r i a l s , 
and fo l l owing what can be demonstrated t o be t he 
same r e d u c t i o n t e c h n o l o g y . T h e r e f o r e , t h e end 
p r o d u c t s i n c l u d i n g t h e d e b i t a g e , s e q u e n t i a l 
s t a g e s of m a n u f a c t u r e , and r e j u v e n a t e d t o o l s 
s h o u l d be t h e same o r v e r y s i m i l a r t o t h e 
a b o r i g i n a l c o n t r o l s i n t e r m s of t e c h n i c a l 
c a t e g o r y p e r c e n t a g e s , m o r p h o l o g i e s , and 
t e c h n o l o g i e s . (F lenniken 1981:2). 
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I n t h i s v i e w , e x p e r i m e n t i s s e e n a s t h e m o s t p o w e r f u l 
a r c h a e o l o g i c a l t echnique for r e c o n s t r u c t i n g t he p a s t . I t i m p l i e s t h a t 
i n c o m p a r i s o n w i t h r e p l i c a t i v e e x p e r i m e n t s , e x a m i n a t i o n s of 
a r c h a e o l o g i c a l m a t e r i a l f a i l t o p r o v i d e d e t a i l s a b o u t t h e 
manufactur ing p rocess . Furthermore, F l enn iken (1981:5) argued t h a t i f 
t h e r e p l i c a t i v e p r o c e d u r e s a r e t h e same as p r e h i s t o r i c o n e s , i t i s 
l o g i c a l and r e a s o n a b l e t o c l a im t h a t c o g n i t i v e procedures a r e a l s o 
d u p l i c a t e d , t h e r e b y a c c u r a t e l y d e s c r i b i n g p r e h i s t o r i c c o g n i t i v e 
phenomena (see a l s o Muto 1976:11-23). 
The c l a i m t h a t c o n t e m p o r a r y r e p l i c a t i o n can t e s t h y p o t h e s e s 
a b o u t p r e h i s t o r i c e v e n t s i s u l t i m a t e l y a form of a n a l o g i c a l 
r e a s o n i n g . The r e p l i c a t i v e p r o c e s s i s t a k e n t o d e s c r i b e t h e 
p r e h i s t o r i c behaviour and, because the r e p l i c a t e d a r t e f a c t s a r e taken 
t o be s u i t a b l e analogues of the p r e h i s t o r i c specimens, e x p l a i n s the 
p r e h i s t o r i c s p e c i m e n s . R e p l i c a t o r s a r g u e t h a t t h e r e l a t i o n s h i p 
between r e p l i c a t e d and a r c h a e o l o g i c a l specimens i s p e r f e c t ; they a re 
d u p l i c a t e s i n m a t e r i a l t e r m s , a l t h o u g h n o t i n c o n t e x t o r age . Th i s 
d u p l i c a t i o n i s what makes r e p l i c a t e d s p e c i m e n s good a n a l o g u e s . 
Salmon (1982:62) argued t h a t i n e v a l u a t i n g t he s t r e n g t h of a n a l o g i c a l 
arguments, the c r u c i a l f a c t o r i s r e l e v a n c e of t h e i n f e r r e d p r o p e r t i e s 
t o t h e f e a t u r e s or p r o p e r t i e s i n t h e p r e m i s e s . The r e p l i c a t i v e 
a rgument would be weak i f t h e p r e s e n c e of f e a t u r e s i n b o t h t h e 
c o n t e m p o r a r y and a r c h a e o l o g i c a l m a t e r i a l does n o t i n c r e a s e t h e 
p r o b a b i l i t y of them r e s u l t i n g from the same manufactur ing p roces ses . 
R e p l i c a t i v e Systems A n a l y s i s , as e x p r e s s e d by F l e n n i k e n 
( 1 9 8 1 : 2 ) , a t t e m p t s t o a v o i d t h i s weakness i n two ways : by e m p l o y i n g 
t h e same m a t e r i a l s , f a b r i c a t o r s and t e c h n o l o g y a s p r e h i s t o r i c 
k n a p p e r s , and by c h e c k i n g t h e r e p l i c a t e d s p e c i m e n s a g a i n s t 
a r c h a e o l o g i c a l specimens. The f i r s t of t h e s e s t i p u l a t i o n s r a i s e s the 
q u e s t i o n of how the r e p l i c a t o r knows what m a t e r i a l s , f a b r i c a t o r s and 
t e c h n o l o g y were u sed? S tone m a t e r i a l i s e a s i l y d e t e r m i n e d by 
g e o l o g i c a l d e s c r i p t i o n of t he f l a k e d d e b r i s and, a l t h o u g h f a b r i c a t o r s 
a r e r a r e , t h e y may be found and examined . P r e h i s t o r i c t e c h n o l o g y , 
h o w e v e r , c a n n o t be dug up or o b s e r v e d d i r e c t l y ; i n d e e d , i n f e r r i n g 
t echnology i s t he o b j e c t i v e of R e p l i c a t i v e Systems A n a l y s i s . Thus, t o 
i n f e r t h e t e c h n o l o g y u s e d t o m a n u f a c t u r e p r e h i s t o r i c a r t e f a c t s by 
us ing R e p l i c a t i v e Systems Ana ly s i s i s t o a l l o w an i n f i n i t e r e g r e s s t o 
e n s u e . I f t h e t e c h n o l o g y i s assumed t h e n t h e R e p l i c a t i v e Systems 
Ana ly s i s approach does not f u l f i l l i t s promise t o t e s t hypo theses . 
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and i f the technology i s i n f e r r e d on the b a s i s of some o the r a n a l y t i c 
me thodo logy t h e n t h e R e p l i c a t i v e Systems A n a l y s i s a p p r o a c h i s 
r e d u n d a n t . Moreove r , i f i n t h e l i g h t of t h e s e d i f f i c u l t i e s , 
r e p l i c a t i v e methodology abandons t h i s s t i p u l a t i o n , then i t looses i t s 
s t ronges t c la im t o r e l e v a n c e w i th in the a n a l o g i c a l argument. 
The second s t i p u l a t i o n designed to ensure r e l e v a n c e , comparing 
e x p e r i m e n t a l and a r c h a e o l o g i c a l a r t e f a c t s , can be c r i t i c i s e d on a 
number of f r o n t s . Checking r e p l i c a t e d and a r c h a e o l o g i c a l specimens 
i n v o l v e s a r g u i n g t h a t t h e y a r e i d e n t i c a l i n a l l i m p o r t a n t a s p e c t s 
(Bunn e t a l 1980; F l e n n i k e n 1978 , 1 9 8 l ) . I n 
p r a c t i c e , t h e compar i sons which a r e made a r e s u b j e c t i v e , o f t e n 
u n q u a n t i f l e d , and t h e c h a r a c t e r i s t i c s which a r e d e s i r e d t o be 
i d e n t i c a l a re r a r e l y mentioned. Where they a re q u a n t i f i e d , t h e r e i s 
no accompanying s t a t e m e n t d e f i n i n g what c o n s t i t u t e s sameness . For 
example , i n To th ' s r e p l i c a t i v e s t u d y of t h e FxJ j50 a s s e m b l a g e , t h e 
p r o p o r t i o n s of v a r i o u s f l a k e t y p e s a r e n o t i c e a b l y d i f f e r e n t f o r 
a r c h a e o l o g i c a l and r e p l i c a t e d spec imens (Bunn e t a l 1980) . D e s p i t e 
t h i s , Toth a c c e p t e d t h e two s a m p l e s as " d u p l i c a t e s " and t h e r e f o r e 
c l a i m e d t h a t p r e h i s t o r i c m a n u f a c t u r e i s a d e q u a t e l y d e s c r i b e d by 
r e f e r e n c e t o o b s e r v a t i o n s of t h e r e p l i c a t i v e p r o c e s s . The 
d i s c r e p a n c y , he a r g u e d , r e s u l t s from t h e r e m o v a l of a r t e f a c t s by 
p r e h i s t o r i c people . What Toth has done i s t o confuse the two aspec t s 
of technology wi th which he i s d e a l i n g . His experiments were aJLmed a t 
i d e n t i f y i n g t h e n a t u r e of r e d u c t i o n , b u t t h e p r o p o r t i o n of each 
a r c h a e o l o g i c a l f l a k e type may have been determined by the l e n g t h of 
reduc t ion , t h a t i s , by the number of each type s t ruck from the core . 
Thus, t h e e x p e r i m e n t a l e s t a b l i s h m e n t of k n a p p i n g t e c h n i q u e i s n o t 
r e l e v a n t t o a d i s c u s s i o n of t h e e x t e n t of r e d u c t i o n , and T o t h ' s 
e x p e r i m e n t s do n o t r e v e a l w h e t h e r p r e h i s t o r i c p e o p l e removed 
a r t e f a c t s or w h e t h e r Toth s i m p l y s t r u c k of f d i f f e r e n t amounts of 
f l a k e s to the p r e h i s t o r i c knappers . 
I t may a l s o be argued t h a t i f , i n the process of comparison, the 
a r c h a e o l o g i c a l sample i s measured, t h i s i n i t s e l f should p rov ide a l l 
t e s t s , wi thout r e f e rence to some c o l l e c t i o n of i m i t a t i v e o b j e c t s . I t 
i s t r u e t h a t for r e p l i c a t o r s i t i s not the comparison of samples, but 
t h e d e s c r i p t i o n of t h e p r o c e s s of r e p l i c a t i o n which g e n e r a t e s t h e 
informat ion they use i n c o n s t r u c t i o n s of p r e h i s t o r i c s t o n e w o r k i n g . 
The s t r e n g t h of t h i s p o s i t i o n , howeve r , r e s t s on t h e a b i l i t y t o 
d e m o n s t r a t e n o t o n l y t h a t r e p l i c a t e d s p e c i m e n s d u p l i c a t e 
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a r c h a e o l o g i c a l specimens, but a l s o t h a t t he p rocess of r e p l i c a t i o n 
t h e r e f o r e d u p l i c a t e s the p r e h i s t o r i c process of manufacture. 
I t i s a t t h i s f i n a l s u p p o s i t i o n , c r u c i a l t o t h e p r i n c i p l e of 
i n f e r e n c e by r e p l i c a t i o n , t h a t a number of c r i t i c i s m s h a v e been 
d i r e c t e d . A r c h a e o l o g i s t s , s t o n e w o r k e r s and non^stoneworkers a l i k e , 
h a v e a r g u e d t h a t i n f a c t t h e s p e c i f i c i t y of c o r r e l a t e s l i n k i n g 
k n a p p i n g t e c h n i q u e s and t h e i r r e s u l t i n g d e b r i s i s u n r e a l i s t i c (eg. 
Mewhinney 1964; Newcomer 1975). I t has a l s o been suggested t h a t most 
a r t e f a c t s c a n be c r e a t e d by s e v e r a l t e c h n i q u e s t h a t a r e 
a r c h a e o l o g i c a l l y i n d i s t i n g u i s h a b l e ( J o h n s o n 1978 ; Mewhinney 1964; 
Newcomer 1975) . I n d e e d , t h i s i s e v i d e n c e d by t h e f a i l u r e of 
r e p l i c a t o r s t o a g r e e on t h e m a n u f a c t u r i n g p r o c e s s e s l e a d i n g t o a 
s i n g l e imp lemen t form, such as t h e Fo lsom P o i n t (compare C r a b t r e e 
1966 wi th F lenn iken 1978). The c l a im by r e p l i c a t o r s , t h a t a l l ways 
of f l a k i n g s tone a re c u r r e n t l y known, can a l s o be doubted i n view of 
t h e i r cont inued d i s c o v e r y of new stoneworking t echn iques (eg. C la rk 
1 9 8 2 ; T i n d a l e 1 9 8 5 ) . T h e s e s i t u a t i o n s i n d i c a t e t h a t t h e 
r e c o n s t r u c t i o n s w h i c h r e s u l t f r o m r e p l i c a t i o n a r e m e r e l y 
approximat ions , and not p e r f e c t d u p l i c a t e s , of p r e h i s t o r i c p rocesses 
( c f . M a r k s and V o l k m a n 1 9 8 7 : 1 1 ; Thomas 1 9 8 6 : 6 2 1 ) . As s u c h , 
r e p l i c a t i v e knapping i s be s t seen mere ly as a source of hypo thes i s 
gene ra t ion and c o r r e l a t e ref inement . S c h i n d l e r et^ a_l^  (1984:176) have 
come t o a s i m i l a r conc lus ion : 
As a r c h a e o l o g i s t s , we l e a r n about the p a s t on ly 
by t e s t i n g hypotheses c o n c e r n i n g p a s t b e h a v i o u r 
a g a i n s t t h e a r c h a e o l o g i c a l r e c o r d . W i t h i n t h i s 
c o n t e x t , t h e p r i m a r y r o l e of r e p l i c a t i v e 
experiments i s t o gene ra t e such hypotheses and t o 
e x p l a i n t he behaviour of t he m a t e r i a l s w i t h which 
p a s t p e o p l e s worked . The v e r i f i c a t i o n of t h e s e 
h y p o t h e s e s l i e s o n l y i n t h e a r c h a e o l o g i c a l 
r eco rd ; i t i s n o t p r o v i d e d by r e p l i c a t i o n 
experiments i n and of t h e m s e l v e s . 
LEVELS OF TECHNOLOGICAL ANALYSIS 
There a r e many ways t o d e s c r i b e a chipped s tone t echno logy from 
an a r c h a e o l o g i c a l a s s e m b l a g e of a r t e f a c t s . Any c o m p r e h e n s i v e 
d e s c r i p t i o n must i n c l u d e a l l components of manufactur ing behaviour 
and t h e r e f o r e account for t he e n t i r e range of m a t e r i a l c u l t u r e which 
r e s u l t s . N e v e r t h e l e s s , t he way i n which the d e s c r i p t i o n i s framed and 
32 
Chapter 2 
its specificity can vary. Three levels of technological inquiry 
commonly employed by stone analysts can be defined as follows. 
1. Reduction System: a description of the elements of the 
manufacturing activities without regard for the order in which 
they occurred. Clearly it is useful to know that the knapper 
heat treated stone, used bipolar knapping techniques, and 
undertook platform preparation; even if the order of these 
events is not known. 
2. Reduction Sequence: a description of the reduction of one 
block of stone achieved by ordering the knapper's actions in 
the sequence in which they occurred. By placing in 
chronological order the changing condition of the core, the 
characteristics of the flakes removed, and the inferred 
actions of the knapper, it is possible to describe the cause 
and effect of various actions, the development of problems and 
attempts to rectify the situation. The rate and direction of 
change through the reduction sequence is directly measurable. 
3. Generalised Reduction Sequence: a description of the set of 
knapping behaviours common to, and characteristic of, a number 
of Reduction Sequences in one assemblage or one region. This 
set of activities is often, although not necessarily, 
expressed as the 'typical' sequence of reduction. Generalized 
Reduction Sequences can be used to summarize not only 
reduction procedures but also the means by which knappers 
coped with circumstances impinging upon stoneworking. 
In reconstructing a stoneworking technology at any of these 
levels it is important to express results in terms of the technology, 
not as a description of the material culture. A technological 
analysis is one which examines manufacturing behaviour; it is not 
merely a description of the artefacts themselves. For example, to 
state that there are large flakes with thick platforms and pronounced 
bulbs is to describe only an outcome of stoneworking technology, 
whereas to state that "the stones were broken up by the application 
of forceful blows placed more than 2 cm from the core edge" is to 
describe the technology which produced those large flakes. 
Each of these levels of analysis requires different data, and 
the analytical methods appropriate to one level are not necessarily 
appropriate to another. The methods suited to each of these levels of 
description are now discussed. 
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REDUCTION SYSTEMS 
Reduction Systems are described by identifying and measuring 
attributes which are indicative of knapping behaviours. The purpose 
of describing reduction systems is essentially comparative. By 
quantifying variations in the proportions of these attribute states 
in time and space it is possible to infer variations in the 
activities of knappers. Descriptions of the reduction system yield 
two main pieces of information: the presence or absence of a 
particular technique, and the frequency with which a particular 
technique was employed. 
The accuracy with which the archaeologist can identify the 
existence of a certain technique is highly dependent on the quality 
of knowledge about the material debris which is produced by the 
technique. The relationships between attributes and behaviour can be 
defined by experimental work. 
At a basic level the frequency with which a knapper used a 
technique is reflected archaeologically by the frequency of various 
types of flakes, since the successful application of a blow generally 
results in the removal of a single flake. Similarly, the frequency 
with which a technique is applied in the final stages of reduction is 
represented archaeologically by the frequency of the resulting cores. 
Adding up the proportion of each attribute state in an 
assemblage is not sufficient, however, because the ultimate goal is a 
description of prehistoric behaviour, not of the artefacts resulting 
from it. Simply calculating the percentage of one attribute state 
assumes that there are no mechanisms, other than a change in the 
aspect of knapping of interest, which will alter the assemblage 
composition, and rarely is this so. Consequently, it is necessary to 
isolate the variable in question in conditions where this is the 
case. For example, heat treatment is a single irreversible action in 
any one Reduction Sequence but different numbers of flakes could be 
struck off after the core was thermally altered. Although changes in 
the frequency of heat treating events at a site could not be inferred 
from the number of heat treated artefacts, it could be deduced by 
dividing the number of heat treated artefacts by the average number 
of flakes struck from heat treated cores. 
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A second example of the need for control is the identification 
of the frequency of overhang removal in prehistoric knapping. In this 
calculation the researcher must control for variations in the size of 
the platform on flakes, because a given length of overhang removal on 
a core edge could be removed by a varying number of flakes. Hence 
measurement of the amount of overhang removal employed by a knapper 
might be approximated by measuring only a single size class of 
platform surface, or by calculating the proportion of a platform 
which has had the overhang removed. 
Since the major method used to reconstruct a Reduction System is 
the measurement of attributes on the artefacts, the reconstruction 
can be achieved in virtually all circumstances. In particular, while 
it is not generally possible or profitable to undertake an analysis 
of reduction sequences on assemblages recovered from small trenches 
and/or from sites containing large numbers of artefacts made from the 
same material, it is relatively easy to infer the reduction system. 
Although reduction systems can be inferred from a variety of 
assemblage types, there are many pieces of information which cannot 
be extracted at this level of analysis. To obtain information such as 
which artefacts were made at the site but carried away, the number of 
flakes struck from a core, the thresholds and problems that were 
encountered, and the strategies that were employed, it is necessary 
to study the individual reduction sequences. 
REDUCTION SEQUENCES 
By definition, the analysis of a reduction sequence requires 
some means of distinguishing the artefacts flaked off one nodule from 
the rest of the assemblage, and then arranging those artefacts in 
their order of production. The only effective method by which this 
can be achieved is to physically fit the artefacts back together. 
Objects which were broken in antiquity and are refitted are said to 
be conjoined, and a number conjoined together is called a conjoin 
set. Occasionally an entire Reduction Sequence can be reconstructed 
but more often the conjoin set will be only one portion of a 
reduction sequence. Archaeologists have commonly described the 
results of conjoin analyses by laboriously drawing or photographing 
the objects (eg. Cahen 1987; Cahen and Keeley 1980; Hahn and Owen 
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1985; Kobayashi 1970; Marks and Volkman 1987). A n o t i o n a l system of 
d e s c r i b i n g t h e r e l a t i o n s h i p s of c o n j o i n e d a r t e f a c t s h a s a l s o been 
formula ted (Hiscock 1986a). 
Some a r c h a e o l o g i s t s h a v e employed conjo in a n a l y s e s t o examine 
t h e v e r t i c a l and h o r i z o n t a l movement of m a t e r i a l w i t h i n s i t e s b u t 
have not d i scussed i n d e t a i l the stoneworking technology (eg. Cahen 
1978; Cahen and Moeyersons 1977; F r i s o n 1974; L e r o i - G o u r h a n and 
B r e z i l l o n 1966); o the r s have used conjoin a n a l y s e s i n d i s c u s s i o n s of 
t e c h n o l o g y , b u t w i t h o u t d e s c r i b i n g t h e c o n j o i n s e t s i n d e t a i l ( eg . 
F r i s o n 1974; Holmes 1890; Kobayash i 1970; L u e b b e r s 1978 ; Van Noten 
1975) . S e v e r a l d e t a i l e d d e s c r i p t i o n s of i n d i v i d u a l r e d u c t i o n 
sequences produced e x p e r i m e n t a l l y have been p u b l i s h e d (eg. C a l l a h a n 
1979; Newcomer 1971), but d e t a i l e d a n a l y s e s of a r c h a e o l o g i c a l d e b r i s 
a r e r e l a t i v e l y in f requen t (eg. Hahn and Owen 1985; Marks and Volkman 
1987; Noe t l i ng 1908). 
Con jo in a n a l y s i s p r o v i d e s t h e m a t e r i a l ev idence for r e d u c t i o n 
sequences by s e p a r a t i n g the a r t e f a c t s of one r e d u c t i o n sequence from 
the r e s t of the assemblage and o rde r ing them i n t o t h e i r sequence of 
removal . In i t s e l f , however, g l u i n g a r t e f a c t s t o one ano ther p r o v i d e s 
ve ry l i t t l e informat ion about p r e h i s t o r i c knapping. I t i s necessa ry 
t o t a k e t h e c o n j o i n e d a r t e f a c t s and s t u d y them i n a way wh ich w i l l 
p r o d u c e q u a n t i f i e d d a t a a b o u t t h e t e c h n i q u e s , p r o b l e m s , and 
s t r a t e g i e s of r e d u c i n g t h a t p i e c e of s t o n e . I n t h i s t h e s i s , one of 
the main ways of ach iev ing t h i s end i s c a l l e d a t ime s e r i e s a n a l y s i s , 
i n which t h e v a l u e of an a t t r i b u t e i s p l o t t e d a g a i n s t t h e s e q u e n c e 
number of the a r t e f a c t . Figure 2:6 shows an example t o i l l u s t r a t e t he 
p r o c e d u r e . S e r i a l changes i n t h r e e a t t r i b u t e s a r e measu red on a 
c o n j o i n s e t of t e n f l a k e s removed from a s i n g l e p l a t f o r m c o r e . As 
f l a k i n g progressed , t he knappe r i n c r e a s i n g l y e n c o u n t e r e d p r o b l e m s 
which g r a d u a l l y decreased f l a k e l eng th . The i n a b i l i t y of the knapper 
t o overcome these problems e v e n t u a l l y caused a number of f l a k e s t o 
t e r m i n a t e a b r u p t l y . When t h e f i r s t s t e p t e r m i n a t i o n o c c u r r e d t h e 
knapper responded by p repar ing the core p l a t fo rm . 
Time s e r i e s a n a l y s i s p r o v i d e s f o u r d i f f e r e n t p i e c e s of 
in format ion about the r e d u c t i o n sequence. F i r s t l y , t h e d i r e c t i o n and 
e x t e n t of s e q u e n t i a l changes i n knapping behav iour can be measured. 
Secondly, because the r e l a t i o n s h i p s between changing v a r i a b l e s can be 
o b s e r v e d i t i s p o s s i b l e t o o b s e r v e c a u s e and r e s p o n s e . T h i r d l y , 
s e q u e n t i a l changes i n a t t r i b u t e s t a t e s r e f l e c t problems t h e knapper 
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encountered and the advent of thresholds which may prevent, determine 
or stimulate further actions. Fourthly, it is possible to determine 
whether or not some of the flakes were carried away, and their size 
and morphology. 
It is equally possible to study the sequential changes in the 
interrelationships between two or more variables. Figure 2:7 shows an 
hypothetical example of the changing relationship between the amount 
and angle of force that occurs within one reduction sequence over ten 
blows. Although there are variations between the blows, the changes 
follow a clear trend from high amounts of inward directed force to 
low amounts of outward directed force. By marking the extremes of 
variation, as done in Figure 2:7, the trend is more clearly defined. 
The two lines marking the limits of these changing relationships form 
a pathway which describes the direction of morphological changes 
during the reduction sequence with respect to the two variables. 
Identifying and describing reduction sequences in this manner is here 
called a Pathway Analysis. 
Although these approaches can produce very detailed information 
they are applicable only in conditions where conjoin sets can be 
constructed. Conjoining is unlikely to be successful in a behavioural 
system where mobile people rarely strike off flakes, since most sites 
would only contain one or two flakes from any reduction sequence. The 
area over which artefacts are collected also conditions the success 
of a conjoin analysis, reconstructions being most complete when the 
entire knapping floor is recovered. Small excavations, one or two 
square metres in area, will usually recover only a fraction of a 
knapping floor at best. Recovering artefacts by surface collecting 
from stable landforms will yield an assemblage susceptible to conjoin 
analysis, but surface collections of knapping floors on highly 
unstable surfaces may again yield conjoin sets which are only partial 
reconstructions of the reduction sequence debris which exists at that 
site. Furthermore, given time constraints, conjoin analyses are least 
successful at sites with large numbers of similar artefacts. 
Conjoin analyses and inferences about reduction sequences are most 
profitable on assemblages derived from sites with low densities of 
distinctive stone materials recovered from large area excavations or 
surface collections from stable surfaces. 
37 
Chapter 2 
GENERALISED REDUCTION SEQUENCES 
In Europe and North America it is common for prehistoric 
technologies to be described only at the level of a Generalized 
Reduction Sequence. The procedures for deriving and portraying the 
Generalized Reduction Sequence were established by Holmes (1890) at 
the end of the last century. In the work of Holmes and most later 
American archaeologists, the procedure for deriving a Generalized 
Reduction Sequence has four characteristics. Firstly, the Generalized 
Reduction Sequence is described primarily in diagrams which contain 
drawings of one artefact at various points during reduction. As a 
consequence, the portrayal is unquantified and tends to be expressed 
in terms of the material culture, not in terms of the technology. One 
of the reasons that drawings were considered adequate is that the 
researchers focused on sequential changes in techniques and 
strategies, and largely ignored the other aspects of technology. This 
concentration on technique reflects the study of bifacial reduction 
in north America, where it is generally believed that the knapper 
altered technique several times during reduction, from hard hammer 
percussion to soft hammer percussion to pressure (eg. Bradley 1975; 
Bucy 1974; Crabtree 1973b:18; Holmes 1891; Katz 1976:104-5; Sharrock 
1966). In Australia, transitions in technique are rarely so dramatic, 
with the possible exception of the change from hand held to bipolar 
on the east coast (Hiscock 1982) and percussion to pressure in the 
Kimberley region (Akerman 1979; Tindale 1985), and sequential changes 
tend to be more subtle. 
Secondly, these studies assume that the assemblage being studied 
contains only one Generalized Reduction Sequence. Holmes (1890:10) 
explicitly stated his assumption that "...but one kind of machinery 
and one process were employed in all this great factory..." because 
it enabled him to reconstruct the technology by seriating the debris. 
Virtually all later researchers maintained this assumption, often by 
describing only biface reduction. Furthermore, this assumption was 
often accompanied by an argument that the Generalized Reduction 
Sequence was unilineal, similar sequences leading to similar end 
products, and any type of implement being produced by only one 
Generalized Reduction Sequence. This proposition was explicit in the 
writings of Holmes (1890) and implicit in Crabtree's (1966, 1973b) 
investigations into the manufacture of Folsom and Hohokam points. 
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During the 1970s s e v e r a l a r c h a e o l o g i s t s were d i s s a t i s f i e d wi th t h i s 
p r o p o s i t i o n and d e v e l o p e d m u l t i l i n e a r schemes , bu t none were 
successfu l i n p r a c t i c e . For example, Bradley (1975) suggested such a 
scheme but app l i ed i t on ly to imaginary assemblages , and Muto (1976) 
e l a b o r a t e d c o n c e p t s such as t h e ' r e d i r e c t e d t r a j e c t o r y ' bu t i n h i s 
examination of the Snake River assemblages he descr ibed on ly a s i n g l e 
General ized Reduction Sequence. 
Th i rd ly , the p o r t r a y a l of the Genera l ized Reduction Sequence i s 
e s s e n t i a l l y t y p o l o g i c a l . I n some p a p e r s , e s p e c i a l l y t h o s e which 
e x p l i c i t l y s e r i a t e forms of b i f a c e s , t h e G e n e r a l i z e d R e d u c t i o n 
Sequence i s i n f e r r e d by d i v i d i n g t h e a s s e m b l a g e i n t o a number of 
types and l a b e l i n g each type as a p a r t i c u l a r s t age (eg. Holmes 1890; 
Muto 1976). Other authors c la im t o d e r i v e the Genera l ized Reduction 
Sequence by n o n - t y p o l o g i c a l p r o c e s s e s and t h e n d i v i d e them up. For 
example , B r a d l e y (1975:7) s t a t e d t h a t "Once t h e l i t h i c r e d u c t i o n 
sequences have been r econs t ruc t ed , they may be d i v i d e d i n t o s tages 
and s t e p s of m a n u f a c t u r e " . Thus , a l t h o u g h t h e o b j e c t i v e of t h e s e 
resea rchers has been to study continuous p roces ses , the t y p o l o g i c a l 
p e r s p e c t i v e p rov ides a d i scont inuous p i c t u r e . 
Four th ly , the Genera l ized Reduction Sequence which i s descr ibed 
i s an i d e a l one which may not e x i s t i n any s i n g l e r educ t ion sequence. 
To a c h i e v e such a d e s c r i p t i o n i t i s n e c e s s a r y t o document n o t o n l y 
the elements common to a l l the r educ t ion sequences i n an assemblage 
or r e g i o n , bu t a l s o t o c o r r e c t f o r m i s t a k e s and d i f f i c u l t i e s 
e n c o u n t e r e d by t h e knappe r and d e s c r i b e t h e s t r a t e g y which t h e 
stoneworker intended t o fo l l ow. Used i n t h i s sense , the Genera l ized 
Reduction Sequence i s e q u i v a l e n t t o a p roces sua l mental t empla te (cf. 
Muto 1976:11-23). A f u r t h e r i m p l i c a t i o n of p o r t r a y i n g the Genera l ized 
R e d u c t i o n Sequence i n t h i s i d e a l i z e d f a s h i o n i s t h a t t h e r e i s no 
e x p r e s s i o n of t h e v a r i a t i o n which migh t o c c u r w i t h i n a s i n g l e 
G e n e r a l i z e d R e d u c t i o n Sequence . Th i s i s s u e i s an i m p o r t a n t one , 
because to determine the number of Genera l i zed Reduction Sequences i n 
an assemblage and t o be a b l e t o s e p a r a t e them i t i s necessary t o know 
t h e r a n g e of v a r i a t i o n which o c c u r s between r educ t ion sequences i n 
the same Genera l ized Reduction Sequence. The degree of v a r i a t i o n was 
n o t i n v e s t i g a t e d i n p u b l i s h e d p a p e r s p a r t i a l l y b e c a u s e t h e 
G e n e r a l i z e d R e d u c t i o n S e q u e n c e was d e r i v e d w i t h o u t f i r s t 
i n v e s t i g a t i n g r educ t ion sequences i n d e t a i l . 
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T h e s e f o u r f e a t u r e s of G e n e r a l i z e d R e d u c t i o n S e q u e n c e 
i n t e r p r e t a t i o n a r e a l s o found i n a r e c e n t a r t i c l e on A u s t r a l i a n 
t e c h n o l o g y by F l e n n i k e n and Whi te (1985) . The s e q u e n c e i s d e p i c t e d 
d i a g r a m a t i c a l l y and the accompanying d i s c u s s i o n d e a l s main ly wi th the 
s i x techniques they i d e n t i f y (Figure 2:8). Desp i te t he f a c t t h a t they 
claimed t o d e a l wi th a l l A u s t r a l i a n a r t e f a c t s , F l enn iken and White 
(1985:131) c o n c l u d e d t h a t o n l y one G e n e r a l i z e d R e d u c t i o n Sequence 
e x i s t s . The d e s c r i p t i o n of t h i s G e n e r a l i z e d R e d u c t i o n Sequence i s 
t y p o l o g i c a l , t h e s e q u e n c e c o n s i s t i n g of f i v e ' s t a g e s ' (Figure 2:8). 
The sequence i s an i d e a l , and F lenn iken and White (1985:131) s t a t e d 
t h a t ".. . the sequence was r a r e l y produced p r e h i s t o r i c a l l y as a s i n g l e 
even t from a s i n g l e p i ece of s tone". 
I n some c o n t e x t s t h e s e methods and t h e f o u r accompanying 
a s s u m p t i o n s g e n e r a t e u s e f u l d a t a , b u t t h e y a r e n o t a l w a y s 
a d v a n t a g e o u s . F o r e x a m p l e . G e n e r a l i z e d R e d u c t i o n Sequences 
c o n s t r u c t e d i n t h i s way do n o t e x p r e s s t h e dynamics wh ich e x i s t i n 
s imple t e c h n o l o g i e s , nor do they d e s c r i b e the l i m i t s and t h r e s h o l d s 
of a t e c h n o l o g y or t h e r a n g e of v i a b l e a p p r o a c h e s w i t h i n i t . A 
G e n e r a l i z e d R e d u c t i o n Sequence s h o u l d be e x p r e s s e d i n a number of 
ways, d i a g r a m a t i c a l l y and n o n - d i a g r a m a t i c a l l y . At l e a s t one form of 
p r e s e n t a t i o n s h o u l d be f r e e of t h e f o u r c h a r a c t e r i s t i c s d i s c u s s e d 
above. 
Any p r o c e d u r e c a p a b l e of d e s c r i b i n g a G e n e r a l i z e d R e d u c t i o n 
Sequence but which avo ids those c h a r a c t e r i s t i c s must be based on the 
s y n t h e s i s of da ta from a number of r e d u c t i o n sequences . I f r e d u c t i o n 
pa thways can be measured f o r any one r e d u c t i o n s e q u e n c e t h e n a 
pathway a n a l y s i s should be p o s s i b l e for a l a r g e number of r e d u c t i o n 
sequences. S ince , by d e f i n i t i o n , a Genera l i zed Reduct ion Sequence i s 
t h e s e t of k n a p p i n g b e h a v i o u r s common t o a number of r e d u c t i o n 
s e q u e n c e s , t h i s form of pa thway a n a l y s i s i s an a p p r o p r i a t e way of 
o b t a i n i n g da t a a t t he l e v e l of the Genera l i zed Reduct ion Sequence. An 
example of t h i s procedure i s p rovided i n F igure 2:9, which p l o t s t he 
pathways of t e n r e d u c t i o n sequences. This f i g u r e de f i ne s t h e t r end i n 
r e d u c t i o n common t o a l l of t h e s e q u e n c e s , and i t a l s o d e f i n e s t h e 
pathway of t he Genera l i zed Reduction Sequence by showing the l i m i t s 
w i t h i n which the r e d u c t i o n of i n d i v i d u a l b locks of s tone t akes p l a c e . 
I t a l s o i d e n t i f i e s t h e p o s i t i o n of t h r e s h o l d s , b o t h p e r m e a b l e and 
impermeable, a t which the p r o b a b i l i t y of d i s c a r d i s i n c r e a s e d . 
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The distance from one side of the pathway to the other can be 
termed the pathway width and describes for any point in the 
manufacturing process the range of values occupied by reduction 
sequences within the one Generalized Reduction Sequence. Narrow 
pathway widths might reflect factors such as good quality raw 
materials or great knapping skills resulting from craft 
specialization. 
By measuring and describing Generalized Reduction Sequences in 
this manner the trends are perceived without drawing ideal artefacts. 
Characteristics of reduction are quantified without needing to 
arbitrarily divide the reduction process into discontinuous stages. 
Most importantly, because the direction and variation of reduction 
sequences within an assemblage is measured it is possible to assess 
the number of Generalized Reduction Sequences represented. 
In this thesis. Pathway analysis is employed as one means of 
deriving and describing Generalized Reduction Sequences. It is 
important to remember that the Generalized Reduction Sequences 
described refer only to the attributes used to plot the reduction 
pathway. If different attributes are employed in the analysis, the 
width and direction of the pathway may differ. Indeed, when measuring 
one set of variables, the various reduction sequences represented in 
one assemblage might all follow the same pathway, and could therefore 
be described as one Generalized Reduction Sequence. Another set of 
variables may reveal two or more pathways, suggesting multiple 
Generalized Reduction Sequences. 
If the reduction pathway plots data from a number of reduction 
sequences, then the approach is applicable only in circumstances 
where conjoin sets can be re-fitted. It is possible, however, to 
approximate the reduction pathway by measuring the characteristics of 
a number of artefacts, such as cores, which are from different phases 
of reduction (cf. Hiscock 1982). In this case, the Generalized 
Reduction Sequence can be described in a wide range of assemblage 
types, but it is necessary to assume or independently demonstrate 
that all of the artefacts originate from a single Generalized 
Reduction Sequence. 
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TECHNOLOGY, ENVIRONMENT. AND ECONOMY 
Thus f a r , t h e d i s c u s s i o n of t e c h n o l o g i c a l a n a l y s i s has been 
l i m i t e d s t r i c t l y to the examination of a r t e f a c t s t h e m s e l v e s . In one 
s e n s e , t h e r e c o n s t r u c t i o n of p r e h i s t o r i c t e c h n o l o g y i s a l s o 
f a c i l i t a t e d by t h e i n v e s t i g a t i o n of t h e c o n t e x t i n wh ich a r t e f a c t 
manufacture took p l a c e . Stoneworking i s not an i s o l a t e d a c t i v i t y , i t 
i s condi t ioned by and r e f l e c t i v e of t he sur rounding environment and 
the s o c i a l and economic cond i t i ons of t he group i n which the knapper 
l i v e s . As a c o n s e q u e n c e i n v e s t i g a t i o n s of p r e h i s t o r i c t e c h n o l o g y 
of ten b e n e f i t from the c o n s i d e r a t i o n of da t a o the r than t h a t d e r i v e d 
from a r c h a e o l o g i c a l assemblages . For example, w h i l e t he a v a i l a b i l i t y 
and shape of s tone nodules used for stoneworking i s o f t en d i f f i c u l t 
t o d e t e r m i n e from a s s e m b l a g e s i t can o f t e n be i n f e r r e d from t h e 
p r e s e n t d i s t r i b u t i o n and form of s t o n e w i t h i n t h e l a n d s c a p e . S i n c e 
t h i s t h e s i s i s i n t e r e s t e d i n t h e i n t e r c o n n e c t i o n s b e t w e e n 
manufacturing a c t i v i t i e s and the landscape i n which they were c a r r i e d 
out , the r e c o g n i t i o n of such c o n t e x t u a l in fo rmat ion i s p a r t i c u l a r l y 
impor tant . For t h i s reason the next chap te r cons ide r s t he Lawn H i l l 
environment i n d e t a i l . 
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STUDY AREA, OBJECTIVES AND METHODS 
3 . 1 LAWN HILL ENVIRONMENT 
The aim of t h i s study i s to de sc r i be the m a t e r i a l c u l t u r e of the 
occupants of Lawn H i l l and how t h e i r response t o envi ronmenta l change 
i s r e f l e c t e d i n m a t e r i a l c u l t u r e . To do so i t i s n e c e s s a r y t o 
understand the environment of the reg ion , p a r t i c u l a r l y the s t r u c t u r a l 
f ea tu res of the landscape: geology, topography, and hydrology. These 
f e a t u r e s d e t e r m i n e t h e n a t u r e and d i s t r i b u t i o n of t h e r e s o u r c e s 
humans could have e x p l o i t e d and the envi ronmenta l s t r e s s e s wi th which 
they had to cope. For the purposes of t h i s a r c h a e o l o g i c a l study i t i s 
e s s e n t i a l to comprehend the d i s t r i b u t i o n and p r o p e r t i e s of the s tone 
m a t e r i a l s w h i c h w e r e made i n t o t h e m a j o r s u r v i v i n g t y p e of 
a r c h a e o l o g i c a l d e b r i s : s tone a r t e f a c t s . 
Furthermore, wi th an unders tanding of envi ronmenta l h i s t o r y of 
the region , i t i s p o s s i b l e t o r e c o n s t r u c t the cond i t ions faced by i t s 
P l e i s t o c e n e o c c u p a n t s and t o a s s e s s t h e e x t e n t t o w h i c h 
a r c h a e o l o g i c a l d e b r i s has been p r e s e r v e d . An u n d e r s t a n d i n g of t h e 
l a n d s c a p e g i v e s an i n d i c a t i o n of t h e s p a t i a l and c h r o n o l o g i c a l 
r e s o l u t i o n t h a t can be e x p e c t e d i n t h e a r c h a e o l o g i c a l r e c o r d , and 
a l s o e n a b l e s q u e s t i o n s t o be framed i n t h e most a p p r o p r i a t e way t o 
examine the pas t . 
THE SETTING 
Lawn Hill Station is located in northwest Queensland, Australia, 
250 km northwest of Mount Isa and 160 km southeast of the Gulf of 
Carpentaria at Burketown (see Figure 3:1). The study area is south 
and east of the Lawn Hill homestead and covers an S-shaped area of 
770 km . To the southwest is the extensive black soil plain of the 
Barkly Tableland, and to the northeast is the extensive flood plain 
which surrounds the Gulf of Carpentaria. The study area is positioned 
to include both landscapes and the abrupt topographic changes which 
occur where they meet. 
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GEOLOGY 
A descr ip t ion of the Lawn H i l l environment r e l i e s upon 
geological information because the geology strongly influences other 
features of the landscape. For this reason, a detailed discussion of 
the geological history of the area is presented in Appendix 1. This 
information is summarized in Table 3:1. All of the rocks which crop 
out in the study area formed pr ior to the end of the Cambrian. The 
e a r l i e s t geological formations consis t mainly of sandstones, 
s i l t s t o n e s and q u a r t z i t e s , which crop out mostly in the nor theas t , 
with two smaller occurrences in the center of the region (Figure 
3:2). Sandstones, t u f f s , s i l t s t o n e s and shales of the Lawn H i l l 
Formation crop out in small patches throughout the cen t ra l and 
northern par ts of the study area (Figure 3:3). Constance Sandstone 
surfaces only as a th in band running northwest to southeast across 
the center of the region (Figure 3:4). Dolomitic rocks of the 
Georgina sequence are exposed over much of the southwestern portion 
of the study area, and in smaller patches to the north (Figure 3:5). 
Since these various formations d i f fe r in the extent to which they 
have resisted erosion their distribution has largely determined the 
topography of the area. 
TOPOGRAPHY 
The region consists of two main physiographic units: a dissected 
p la teau in the southwest, and p la ins in the nor theas t (Figure 3:6). 
The plateau is generally f l a t to gently undulating and ends abruptly 
in ver t i ca l c l i f f s r i s ing 70-120 m above the northern p l a i n s . The 
plain is f l a t , slopes gently to the north and has local re l ief up to 
100 m in the form of h i l l s and mesas. 
These topographic features are d i r e c t l y r e l a t e d to the basal 
geology of the area. The p la teau i s made up of the undeformed f l a t -
lying Cambrian dolomites, and is fringed by the Precambrian Constance 
Sandstone. Typical of the dolomite por t ion of the p la teau i s kars t 
topography (numerous sink holes and bare rock) and sharp karren 
surfaces, features which r e s u l t from the r ap id i t y with which 
carbonate i s removed in so lu t ion . Fissures and caves are common in 
this landscape. Drainage systems are well delineated and watercourses 
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are often entrenched and deep gorges have occasionally formed. The 
dolomite plateau merges into the strongly undulating topography 
formed by the folding and faulting of the Constance Sandstone. The 
topography of the sandstone portion of the plateau lacks a well 
defined drainage network. 
The plain in the northeast of the study area is formed from 
various sediments, including silty alluvium, black soil, and flat to 
gently sloping colluvium. Protruding from this plain are mesas and 
hills. These features fall into three groups on the basis of their 
location, size and form. These groups reflect the differences in 
underlying geology. Sediments of the McNamara group (Lady Loretta 
Formation, Shady Bore Quartzite, Riversleigh Siltstone, Termite Range 
Formation and the Lawn Hill Formation) crop out together as large 
rounded hills up to 150 m higher than the surrounding plain. Where 
sediments of the Lawn Hill Formation crop out alone they form low 
steep ridges, seldom more than 60 m in relief. Outcrops of the Border 
Waterhole Formation and the Thorntonia Limestone form steep sided 
mesas at Mt Jennifer. The mesa of the Border Waterhole Formation is 
surrounded by a large colluvial apron, whereas the mesa formed from 
the Thorntonia Limestone has steep cliffs rising directly from the 
plains. 
CLIMATE 
The reg ion has a t r o p i c a l semi-ar id c l i m a t e wi th a shor t wet 
season from about December to March, and a long dry season during the 
remainder of the year. Preva i l ing winds in the winter months are the 
cold, dry, trade winds from the southeast (Carter, Brooks and Walker 
1961:18). In the summer, mo i s tu re - l aden monsoon winds come from the 
northwest. Prec ip i ta t ion gene ra l ly r e s u l t s from thunders torms and 
t r o p i c a l depress ions a s s o c i a t e d wi th the northwest monsoon. Summer 
storms often cover s t r i p s of country a few kilometres wide, and may 
y i e l d 20-80 mm of r a i n ( C a r t e r , Brooks and Walker 1961 :18 ) . 
Consequently, ra in i s often patchy even in the wet season. Cyclones 
genera ted in the Gulf of Ca rpen ta r i a sometimes drench the e n t i r e 
reg ion . Annual r a i n f a l l ave rages between 425 mm and 525 mm, and 
v i r t u a l l y a l l of i t (>85Z) f a l l s in the wet season. At Camooweal, to 
the south, r e l a t i v e humidity does not exceed 56Z even in the wettest 
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m o n t h s . 
A v e r a g e m o n t h l y t e m p e r a t u r e s v a r y g r e a t l y t h r o u g h o u t t h e y e a r , 
p e a k i n g d u r i n g t h e w e t s e a s o n . A v e r a g e maximum t e m p e r a t u r e s r a n g e 
f rom 26°C i n J u l y t o 38°C i n J a n u a r y . A v e r a g e min imum t e m p e r a t u r e s 
r a n g e from 10°C t o 25°C. At n i g h t , b e l o w - f r e e z i n g g round t e m p e r a t u r e s 
h a v e been r e c o r d e d d u r i n g w i n t e r , b u t s i n c e h u m i d i t y i s low, f r o s t s 
a r e r a r e ( C a r t e r , Brooks and W a l k e r 1961 :18 ) . 
As a r e s u l t o f t h e h i g h t e m p e r a t u r e s a n d d r y w i n d s , p o t e n t i a l 
e v a p o r a t i o n f a r e x c e e d s p r e c i p i t a t i o n f o r m o s t o f t h e y e a r . 
H e n c e , s u r f a c e w a t e r i s s c a r c e d u r i n g t h e l o n g d r y s e a s o n , e x c e p t 
where i t d e r i v e s from u n d e r g r o u n d s o u r c e s r a t h e r t h a n d i r e c t l y from 
p r e c i p i t a t i o n . 
HYDROLOGY 
Within this generally dry landscape there are three perennial 
watercourses running northwards to the Gulf of Carpentaria (Figure 
3:6). Lawn Hill Creek and its tributaries Colless Creek and Louie 
Creek are fed from underground sources in the Cambrian dolomites and 
limestones of the Barkly Tablelands, particularly the cavernous 
Camooweal Dolomite (Randal 1967; Smith 1972:99). These creeks flow 
all year round at rates of approximately 2.1-2.2 metres per second 
even in the dry season (cf. Saint-Smith 1925; Whitehouse 1940:52). In 
the dry season, flow in Lawn Hill Creek diminishes lower in its 
course and often ceases before it reaches Lawn Hill homestead, 
perhaps as a result of evapotranspiration in the thick vegetation 
lining the banks (Sweet and Hutton 1982:2). The artesian sources 
which feed these creeks consist of numerous interconnected aquifers 
and contain huge reservoirs of water. Randal (1967) concluded that 
the size of reservoirs could not be accurately calculated because 
bores seldom needed to be as deep as the geologists would have liked, 
but some indication is given by his finding that the vast majority of 
shallow bores yielded more than 7,000 litres per hour and that deeper 
ones produced up to 28,000 litres per hour. The consistency of flow 
from these bores, and the undiminished flow of Lawn Hill Creek 
through the longest of droughts, indicate that the aquifer is 
substantial and that the three permanent creeks do not depend upon 
surface run-off. 
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Permanent and semi-permanent s p r i n g s o c c u r a t t h e edge of t h e 
Cons tance S a n d s t o n e . I t s r e s i s t a n c e t o e r o s i o n e n a b l e s i t t o form 
b a r r i e r s a c r o s s w a t e r c o u r s e s and, b e c a u s e of s t r o n g j o i n t i n g , t h e 
sandstone conta ins good s u p p l i e s of water (Car te r , Brooks and Walker 
1971:254) . W i t h i n t h e s t u d y a r e a , pe rmanen t s p r i n g s a r e known t o 
occur away from the permanent r i v e r s on ly a t L i l l y d a l e Springs and to 
the west of Lawn H i l l Creek. 
Much of the study area i s watered s o l e l y by p r e c i p i t a t i o n and i s 
t he re fo re very s e n s i t i v e to seasona l c l i m a t i c change. During the dry 
season, water i s g e n e r a l l y not a v a i l a b l e on the p l a t e a u . Unseasonal 
r a i n may produce smal l ponds of water but these dry up w i t h i n a day. 
On the p l a t e a u , poo ls of water a re widespread dur ing the wet season 
and s h o r t s t r e a m s and w a t e r f a l l s f l o w , b u t no s o u r c e can be r e l i e d 
upon for any l e n g t h of t ime. 
On t h e p l a i n s , t h e wet s e a s o n r a i n f a l l makes s u r f a c e w a t e r 
r e a d i l y a v a i l a b l e . S m a l l and l a r g e c r e e k s f l o w b e c a u s e of s u r f a c e 
run-off and i n many a r e a s w a t e r l i e s f o r a s h o r t t i m e a f t e r r a i n . As 
t h e wet s e a s o n e n d s , s u r f a c e w a t e r becomes r e s t r i c t e d t o f r e q u e n t 
w a t e r h o l e s i n c r e e k b e d s . S u b s u r f a c e w a t e r may a l s o be found i n 
c r e e k b e d s . As t h e d ry s e a s o n p r o g r e s s e s , t h e s i z e and f r e q u e n c y of 
wate rho les decreases u n t i l on ly a few wi th t h i c k c l a y l i n i n g s e x i s t 
a long Archie Creek and Lawn H i l l Creek. In prolonged droughts these 
too may d ry up. 
The s t r u c t u r e and p o s i t i o n i n g of d r a i n a g e sys t ems r e f l e c t t h e 
n a t u r e of t h e t o p o g r a p h y and u n d e r l y i n g g e o l o g y . The r e l a t i v e l y 
uniform l i t h o l o g y of the f l a t - l y i n g l imes tone s t r a t a of t he p l a t e a u 
has l e d t o t h e d e v e l o p m e n t of d e n d r i t i c d r a i n a g e p a t t e r n s . These 
w a t e r c o u r s e s a r e o f t e n d e e p l y e n t r e n c h e d and w i t h r e l a t i v e l y h i g h 
d r a i n a g e d e n s i t y . On t h e p l a i n , d r a i n a g e p a t t e r n s t e n d t o be 
s u b p a r a l l e l , s e m i - d e n d r i t i c , and, i n a r e a s where t h e u n i f o r m l y 
dipping s t r a t a of the Lawn H i l l formation crop out , t r e l l i s e d . In the 
n o r t h of t h e s t u d y a r e a , where deep s e d i m e n t s o c c u r , A r c h i e Creek 
develops a bra ided channel . 
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VEGETATION 
The vegeta t ion of the en t i r e study area i s categorized as low 
open Savanna Woodland. The major factors determining the f lo r i s t i c s 
and structure of vegetation communities within the study area are a 
combination of geology and topography. Working on the p la teau and 
gorges in the south of the study area, Taylor (1983) iden t i f i ed six 
d is t inc t ly different vegetation communities (Table 3:2). Much of the 
skeletal soi l in the limestone portion of the plateau is vegetated by 
low open woodland, dominated by Eucalyptus terminalis, with a ground 
cover of grasses, especially species of spinifex in the genus Triodia 
(communities 1-3). The excep t ion to t h i s i s the 1-2Z of the 
Thorntonia Limestone which is rock outcrop essent ia l ly bare of soil 
(community 4). This landscape is dominated by non-eucalypt trees and 
has v i r tua l ly no ground cover. Vegetation is sparse on the Constance 
Sandstone Formation and consists of a Eucalyptus dichromophloria and 
Eucalyptus aspera low open shrub woodland with a ground cover of 
various grasses , predominantly spinifex in the genus Pletrachne 
(community 5). At the bottom of the gorges there i s a great va r i e ty 
of plants and community structures, ranging from open forest through 
closed fores t to small patches of r a in fo res t , which Taylor (1983) 
grouped together as Fringing Community (community 6). Permanent water 
and deep soi ls in the gorges resul t in trees two to four times higher 
than the t a l l e s t trees in other communities. 
A number of vegeta t ion communities which Taylor identified in 
the uplands a l so occurs on the p l a ins to the north. The fringing 
fores t s in the gorge are found l in ing Lawn H i l l Creek as i t runs 
across the p l a i n s , although some elements, such as cycads and 
bulrushes , drop out. Elsewhere on the p l a i n the vegeta t ion i s 
not iceably d i f fe ren t from tha t of the p la teau . On the undulat ing 
black s o i l p l a i n surrounding Lawn H i l l Creek there i s grassland 
dominated by Mi tche l l grass (Astrebla pec t ina t a ) , with seasonal 
creeks l ined by eucalypts . Surrounding Archie Creek i s a p l a i n of 
more l a t e r i t i c s o i l s containing what Perry and Chr is t ian (1954) 
character ized as a Eucalyptus t re t rodonta - Eucalyptus miniata 
shrubland. On some of the ou t l ie rs , such as Mt Jennifer, communities 
similar to those on the plateau also occur. Open woodland dominated 
by Eucalyptus b r e v i f o l i a i s the most common vegeta t ion on these 
o u t l i e r s . An understorey of Triodia sp. i s common on most o u t l i e r s 
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and c o l l u v i a l s l o p e s . T a y l o r (1983) d e s c r i b e d t h e c o l l u v i a l and 
a l l u v i a l p l a i n i n t h e s o u t h as a low s h r u b woodland domina ted by 
Eucalyptus a r g i l l a c e a but h i g h l y v a r i a b l e i n composit ion. T a l l shrubs 
such as Acac ia c h i s h o l m i i and A t a l a y a h e m i g l a u c a v a r y from dense 
stands to absent . 
In a l l of these landscapes the v e g e t a t i o n v a r i e s l i t t l e a long 
drainage l i n e s , but forms l i n e a r bands of va ry ing widths p a r a l l e l to 
t h e c reeks . 
FAUNA 
The fauna of Lawn H i l l S t a t i o n , l i k e i t s f l o r a , shows a c l o s e 
a f f i l i a t i o n wi th the geology, topography and hydrology. Today t h i s 
r e l a t i o n s h i p i s not always c l e a r cut because of the m o b i l i t y of some 
animals and because of the impact of European animals such as sheep, 
c a t t l e , and f e r a l p igs and c a t s . 
Table 3:3 l i s t s the mammals (excluding ba t s ) which a re l i k e l y to 
have o c c u r r e d w i t h i n t h e s t u d y a r e a . Th i s l i s t i s c o m p i l e d from 
a r c h a e o l o g i c a l fauna l m a t e r i a l and from the d i s t r i b u t i o n a l records of 
Strahan (1984). Seve ra l of the spec ies a r e now l o c a l l y e x t i n c t (eg. 
T h y l a c i n e , Tasmanian D e v i l ) , and o t h e r s h a v e n o t been o b s e r v e d 
r e c e n t l y and a re presumed e x t i n c t (eg. P l a t y p u s , Golden Bandicoot). 
Some mammals, such as Echidna, Tasmanian D e v i l , Thylac ine or Sugar 
Gl ide r , may w e l l have occurred i n a l l the major envi ronmenta l zones 
which were defined e a r l i e r . Other mammals have r e l a t i v e l y r e s t r i c t e d 
h a b i t a t s . N a t u r a l l y , the P la typus and Water - ra t w i l l be found on ly i n 
t h e permanent w a t e r c o u r s e s , p r i m a r i l y i n t h e g o r g e s and a s h o r t 
d i s t a n c e o n t o t h e p l a i n . A number of t y p i c a l l y d e s e r t d w e l l i n g 
s p e c i e s were p r o b a b l y found o n l y on t h e p l a t e a u ( R o c k - h a u n t i n g 
R i n g t a i l , Golden Backed Tree Rat, Western Hare-Wallaby). Some of the 
species which enjoy the rocky h a b i t a t s of the p l a t e a u might occur on 
t h e o u t l i e r s c r o p p i n g o u t from t h e C a r p e n t a r i a n P l a i n (eg . Common 
Rock Rat) . Other s p e c i e s , such as the Ag i l e Wallaby, which a r e found 
i n l a r g e numbers on t h e p l a i n , do n o t o c c u r a t a l l on t h e p l a t e a u , 
a l t h o u g h i n t h e c a s e of A g i l e W a l l a b i e s t h e y somet imes v i s i t t h e 
water sources i n Louie Creek Gorge. 
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The g r e a t e s t d i v e r s i t y of mammalian s p e c i e s i s found on t h e 
p l a t e a u and i n t h e g o r g e s . The more t h a n a dozen s p e c i e s of b a t s 
which o c c u r i n t h e a r e a r e f l e c t t h e same p a t t e r n s , most o c c u p y i n g 
r o o s t s i n c a v e s and f i s s u r e s i n t h e l i m e s t o n e (eg . G o u l d ' s W a t t l e 
Bat, Ghost Bat, Western Broad Nosed Bat) . Some b a t s occur more wide ly 
b e c a u s e , i n a d d i t i o n t o u s i n g c a v e s , t h e y employ l o g s and t r e e s as 
r o o s t s (eg. L i t t l e Red F l y i n g Fox, L i t t l e Broad Nosed Bat) . The b a t s 
v a r y i n s i z e and abundance . Some s p e c i e s a r e s m a l l , l e s s t h a n 10 
grams, and occur i n low numbers, such as t he Lesser Long Eared Bat or 
t h e L i t t l e Broad Nosed Ba t . O the r s p e c i e s c o n s i s t of v e r y l a r g e 
i n d i v i d u a l s which congregate i n huge c o l o n i e s , such as t he L i t t l e Red 
F l y i n g Fox which weighs 300-600 grams and can occur i n f l o c k s of more 
than 100,000 i n d i v i d u a l s . 
Aquatic and amphibious animals a r e r e s t r i c t e d t o t he major water 
c o u r s e s . F i s h , t u r t l e and f r e s h w a t e r c r o c o d i l e s e x i s t o n l y i n t h e 
t h r e e pe rmanen t c r e e k s . F r e s h w a t e r m u s s e l s and C r u s t a c e a l i v e n o t 
on ly i n t he permanent streams but a l s o i n t he l a r g e r s easona l ones. 
B i r d s and r e p t i l e s a l s o c o n g r e g a t e around s t r e a m l i n e s and s p r i n g s , 
a l t h o u g h t h e y a r e a l s o found on t h e p l a t e a u and on t h e p l a i n away 
from water sources . 
STONE MATERIAL SOURCES AND FLAKING CHARACTERISTICS 
Perhaps the most impor tant env i ronmenta l f e a t u r e s a f f e c t i n g the 
a r c h a e o l o g i c a l d e b r i s a t Lawn H i l l a r e t h e l o c a t i o n and f l a k i n g 
p r o p e r t i e s of s t o n e m a t e r i a l s which were s u i t a b l e f o r a r t e f a c t 
manufacture. Chipped a r t e f a c t s were most commonly made on one of two 
t y p e s of r o c k : c h e r t o r g reywacke . The s o u r c e s and p r o p e r t i e s of 
t h e s e rocks a r e d e a l t w i th below. 
Chert 
G e o l o g i c a l d a t a i n d i c a t e t h a t c h e r t m i g h t c r o p o u t i n t h r e e 
p l a c e s w i t h i n t he s tudy a r ea : a t Ploughed Mountain, a t Mt. J e n n i f e r 
and i n t h e p l a t e a u t o t h e s o u t h . C u r s o r y i n s p e c t i o n s of t h e Lady 
L o r e t t a Formation on Ploughed Mountain f a i l e d t o l o c a t e any s i z a b l e 
n o d u l e s of c h e r t , and so f o r t h e p u r p o s e s of t h i s r e s e a r c h i t was 
concluded t h a t no f l a k e a b l e c h e r t was a v a i l a b l e t h e r e . In c o n t r a s t . 
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p l e n t i f u l che r t was a v a i l a b l e a t Mt. J e n n i f e r . The wes tern h a l f of 
t h e Mt. J e n n i f e r o u t l i e r i s T h o r n t o n i a L imes tone and no c h e r t 
o u t c r o p s were found t h e r e , bu t i n t h e e a s t e r n p o r t i o n where t h e 
Border Waterhole Formation crops out t h e r e i s a massive che r t r ubb le . 
This rubb le came in the form of pebb le s , u s u a l l y cubic i n shape, and 
up to 7 cm long. As a r e s u l t of s eve re crushing and shear ing to which 
t h e Border W a t e r h o l e F o r m a t i o n has been s u b j e c t e d (Keyser and Cook 
1972:39), t h e r e a re major i n c i p i e n t f r a c t u r e p l a n e s running through 
the cobbles i n s e v e r a l d i r e c t i o n s . A l l a t tempts a t knapping the che r t 
r e s u l t simply i n the pebbles s p l i t t i n g i n t o i r r e g u l a r lumps. 
Thus, the on ly che r t which i s s u i t a b l e for a r t e f a c t manufacture 
c rops ou t i n t h e Cambrian d o l o m i t i c s e d i m e n t s of t h e p l a t e a u , t h e 
Thorntonia Limestone and the Camooweal Dolomite (Figure 3:7). Chert 
i s most common towards t h e t o p of t h e f o r m a t i o n and t e n d s t o be 
exposed e i t h e r as l o n g t h i n bands ( o f t e n s e v e r a l m e t r e s by two or 
t h r e e c e n t i m e t r e s ) or as round t o e l l i p t i c a l n o d u l e s up t o 13 cm 
th ick . Some of the che r t nodules a re d i s t i n c t l y c o n c e n t r i c a l l y - b a n d e d 
and l a m i n a t e d , bu t o t h e r s a p p e a r t o be homogeneous. C h e r t o u t c r o p s 
usefu l for knapping occur a lmost e x c l u s i v e l y on the p l a t e a u a t the 
edge of the gorges. Chert can a l s o be found i n the base of the gorges 
i n the form of nodules i n g r a v e l beds a long the c reeks . 
After I had worked i n the a rea for some time i t became apparent 
t ha t these two che r t s could be d i s t i n g u i s h e d by v i s u a l i n s p e c t i o n . 
The _in s i t u cher t found eroding from the l imes tone was termed Q Chert 
( q u a r r y c h e r t ) , whereas t h a t found i n t h e c r e e k beds a t t h e b a s e of 
t h e go rges was c a l l e d R Chert ( r i v e r c h e r t ) . The two forms of c h e r t 
were i d e n t i f i a b l e on a number of c h a r a c t e r i s t i c s : 
1. Shape. Q Chert i s g e n e r a l l y s p h e r o i d a l , but R Chert tends 
to have s p l i t a long cracks w h i l e being r o l l e d i n the g r a v e l s 
and so i s d i s t i n c t l y more a n g u l a r , and o f ten cubo ida l . 
2. C o r t e x . Q Che r t i s s u r r o u n d e d by t h e d o l o m i t e i n which i t 
has formed, and when a n o d u l e of Q C h e r t i s no l o n g e r i n i t s 
b e d r o c k , t h e d o l o m i t i c e x t e r i o r w e a t h e r s t o become g r e y or 
b l a c k , rough and r i l l e d . R C h e r t has t h i n smooth c o r t e x 
r e s u l t i n g from the chemical a l t e r a t i o n of the che r t i t s e l f , 
and t h e d i s t i n c t i v e r e d and y e l l o w c o l o u r s of t h e c o r t e x 
suggests o x i d i z a t i o n of the ou te r su r face . 
3. F r ac tu re . Q Chert r e q u i r e s more e f f o r t to remove a f l a k e of 
a g iven s i z e and the v e n t r a l su r face i s rougher than t h a t of 
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flakes made from R Chert. R Chert sometimes has smoother and 
more lustrous surfaces created by fracturing, but many nodules 
have distinct banding, small cracks and plains of weathering 
which affect the propagation of fracture. There is a much 
greater variation in the fracture quality of R Chert than of Q 
Chert. 
4. Colour. Q Chert is typically white to grey throughout, 
whereas R Chert ranges in colour from white to yellow and blue 
to black. In addition, while Q Chert remains the same colour 
within and between nodules, R Chert is often banded and each 
band can be a different colour. 
Differences between the Q Cherts and R Chert were noticeable in 
thin section analyses carried out by Alan Watchman (Appendix 2). 
Table 3:4 summarizes the characteristics of each form of chert. The 
differences in cortex, fracture and colour result from the structural 
and chemical composition of each type of chert. The specimens of R 
Chert described in Appendix 2 shows a much greater variation than 
those of Q Chert. This pattern may result from the R Chert having 
been derived from a number of different locations, whereas the 
specimens of Q Chert were all taken from one quarry. 
These two forms of chert have different characteristics from a 
stoneworkers point of view. Q Chert has thick, undulating and 
relatively soft cortex which transmits force poorly and is not 
appropriate as a platform. In contrast, R Chert has cortex which is 
thin, flat and hard, and which would be an excellent platform since 
it transmits force well but is rough enough to provide friction. 
Since Q Chert is more rounded in shape, the knapper may place 
platforms in different places and use different ways to maintain 
platform angles than when working the more angular R Chert. Both 
forms of chert flake well, but in Q Chert the knapper might encounter 
difficulties in striking across the large cracks, whereas in R Chert 
the fracture surface may be bent at distinct bands but is unlikely to 
be truncated. 
Physical characteristics of banded R Chert from Lawn Hill, 
presented in Table 3:5, were measured by Mark Domanski of LaTrobe 
University. High compressive strength and low tensile strength 
confirm the impression of excellent fracture properties. Heat 
treating the chert results in a rise in both tensile and compressive 
strength, and hence in the amount of effort required to induce 
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f r a c t u r i n g ( c f . P u r d y 1 9 7 4 : 4 9 ) . I n c r e a s e s i n t h e M o d u l u s of 
E l a s t i c i t y a f t e r hea t t r ea tment , r e f l e c t i n g inc reased s t i f f n e s s , may 
i n d i r e c t l y i n d i c a t e t h a t f r a c t u r e i s more c o n t r o l l a b l e . 
Greywacke 
M a t e r i a l s r a n g i n g from greywacke t h r o u g h s i l t y greywacke t o 
t u f f a c e o u s s i l t s t o n e a r e grouped under t h e t e rm greywacke i n t h i s 
t h e s i s b e c a u s e t h e y a l l come from t h e same l i t h o l o g i c a l u n i t , t h e 
Pmh4 member of t h e Lawn H i l l F o r m a t i o n . On t h e b a s i s of 
a r c h a e o l o g i c a l surveys i n the study area i t i s apparent t h a t wh i l e 
the greywacke occurs on ly i n the Pmh4 member i t does not occur i n a l l 
ins tances of t h i s member, and a l l known outcrops of f l a k i n g q u a l i t y 
are i n the extreme no r th of the study area (see Figure 3:7). 
The greywacke i s g e n e r a l l y g r e e n - g r e y or b l u e - g r e y i n c o l o u r 
with brown or y e l l o w f l e c k s , and becomes p a l e when i t i s weathered. 
C o r t e x i s t h i c k ( o f t e n more t h a n 1 cm), r o u g h , d u l l , s o f t , 
v e s i c u l a t e d , and i s g e n e r a l l y cream i n co lour . Examination of t h i s 
rock by Watchman (Appendix 2) showed t h a t i t u s u a l l y c o n s i s t s of 
a n g u l a r and subrounded q u a r t z g r a i n s , c h a l c e d o n y g r a i n s , and 
p a r t i c l e s of p l a g i o c l a s e i n v a r y i n g p ropo r t i ons . Carbonate g r a i n s , 
s e r i c i t e fragments, and rods and n e e d l e s of amphibole occur i n some 
specimens. Grain s i z e v a r i e s but i s g e n e r a l l y l e s s than 0.2 mm. 
The m a t e r i a l o c c u r s as rounded and subrounded c o b b l e s and 
b o u l d e r s and a s a n g u l a r s l a b s . Cobb le s i z e i s r e l a t i v e l y u n i f o r m 
wi th in one outcrop , but v a r i e s g r e a t l y between outc rops . The average 
3 
volume of c o b b l e s a t t h e o u t c r o p on Page Creek was 5337 cm , b u t a t 
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t h e o u t c r o p on Dinner Creek i t was o n l y 215 cm . Specimens examined 
i n t h i n - s e c t i o n were homogeneous i n terms of g r a i n s i z e , but i n many 
cobbles t h e r e a r e a l s o d i s t i n c t weathered cracks running p a r a l l e l to 
t h e l o n g a x i s . Greywacke f r a c t u r e s w e l l b u t f l a k e s s t r u c k a c r o s s 
t h e s e c r a c k s a r e l i k e l y t o be t r u n c a t e d . The t h i c k s o f t c o r t e x i s 
l i k e l y t o absorb too much force t o be s u i t a b l e as a p la t fo rm. 
T a b l e 3:5 g i v e s t h e d a t a on c o m p r e s s i v e and t e n s i l e s t r e n g t h , 
and modulus of e l a s t i c i t y , as determined for Lawn H i l l greywacke by 
Domanski ( p e r s . comm.). I n c o n t r a s t t o c h e r t t h e s t r e n g t h of 
greywacke i s m a r k e d l y l o w e r . Mean, minimum and maximum v a l u e s of 
t e n s i l e s t r e n g t h a r e a l l l ower t h a n f o r c h e r t , and t h e maximum 
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compressive s t rength of greywacke i s much lower than the minimum 
strength measured for R Chert. Similarly, values for the Modulus of 
Elast ic i ty are always lower for greywacke than for chert, indicating 
that greywacke i s markedly l e s s s t i f f than chert . Thus, while l ess 
force would be required to i n i t i a t e f rac tures in greywacke than in 
chert, the lower e las t i c i ty and stiffness of the material would make 
fracture in greywacke less controllable. As a resul t of the re la t ive 
ine las t ic i ty , platform shattering and step terminations would occur 
frequently on greywacke. The properties of greywacke suit i t to the 
production of l a rge , thick f l akes , whereas chert i s more sui ted to 
the removal of smaller, thinner flakes. Furthermore, the potential 
usel ife of greywacke artefacts is probably much smaller than that of 
chert. No measurements were obtained for heat treated greywacke, but 
i t is unlikely that heat treatment would equalize the properties of 
the two materials. 
Other materials 
A small number of a r t e f ac t s made of sandstone, qua r t z i t e , 
s i l c re te and metadolerite were found in the study area. 
Slabs of Constance Sandstone were used as grindstones. The only 
outcrop of t h i s mater ia l occurs along the northern edge of the 
p la teau . This mater ia l i s poorly to moderately bound and poorly 
sorted, making i t appropriate for use as a gr indstone. Since the 
bedrock breaks up natural ly into slabs i t would need to be shaped but 
not quarried. 
Quartzi te su i t ab l e for f laking crops out in the Ploughed 
Mountain. Generally blue to brown in colour, this material consists 
of sub-angular to sub-rounded quartz gra ins . The outcrops cover an 
area of approximately 0.5 km and the stone occurs as fractured 
blocks of various sizes. 
The s i l c re te consists of angular to subrounded quartz grains set 
in a cryptocrystalline matrix. No sizable outcrops of s i l c re te are 
known from within the study area, but if they ex i s t at a l l they are 
most l ikely to be in the out l iers in the north. 
A number of edge ground hatchets have been found at Lawn H i l l . 
One of these was th in sectioned by Watchman, who described i t as a 
dark fine-grained metadolerite (Appendix 2). The only igneous rocks 
which occur natural ly in the region are the Colless Volcanics, which 
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o c c u r a t t h e o r i g i n of C o l l e s s C r e e k , i m m e d i a t e l y s o u t h w e s t o f t h e 
s t u d y a r e a . These r o c k s a r e a f i n e - g r a i n e d and s t r o n g l y v e s i c u l a t e d 
brown l a v a which i s c o m p l e t e l y u n s u i t a b l e f o r a r t e f a c t m a n u f a c t u r e 
( C a r t e r , B r o o k s and W a l k e r 1 9 6 1 : 2 9 8 ) . I t i s m o r e l i k e l y t h a t t h e 
h a t c h e t s h a v e b e e n t r a n s p o r t e d f rom t h e Moun t I s a r e g i o n , s e v e r a l 
hundred k i l o m e t r e s t o t h e s o u t h e a s t , where s u i t a b l e metamorph ic r o c k s 
o c c u r . 
3 . 2 PALAEOENVIRONMENTS 
Data on t h e p r e h i s t o r i c e n v i r o n m e n t s of Lawn H i l l o v e r t h e l a s t 
40,000 y e a r s i s e x t r e m e l y l i m i t e d ; i n d e e d , t h e o n l y d i r e c t e v i d e n c e 
comes from geomorphic work done a t C o l l e s s Creek Cave by Hughes and 
Magee (Hughes 1983; Magee and Hughes 1982) . T h i s work can be s e t i n a 
w i d e r f r a m e w o r k by c o m p a r i n g i t w i t h o t h e r p a l a e o e n v i r o n m e n t a l 
s t u d i e s i n n o r t h e r n A u s t r a l i a and New Guinea . They t o o a r e l i m i t e d i n 
q u a n t i t y and q u a l i t y . S e v e r a l a r e a s i n New Guinea h a v e been s t u d i e d 
i n d e t a i l , b u t t h e y a r e e i t h e r montane o r c o a s t a l and a r e u s e f u l o n l y 
a t a g e n e r a l l e v e l ( C h a p p e l l 1976; Hope 1 9 8 3 a - e ) . P a l y n o l o g i c a l work 
on t h e A t h e r t o n T a b l e l a n d p r o v i d e s a l o n g e n v i r o n m e n t a l s e q u e n c e 
( K e r s h a w 1 9 7 6 ) , b u t a p p e a r s t o r e l a t e m a i n l y t o l o c a l e v e n t s 
( C h a p p e l l and G r i n d r o d 1 9 8 3 : 1 , 2 7 , 8 7 ; Hughes 1 9 8 3 : 6 1 ) . The b e s t 
p a l a e o c l i m a t i c d a t a f o r n o r t h e r n i n l a n d A u s t r a l i a comes f rom L a k e 
Woods and Lake G r e g o r y t o t h e w e s t of Lawn H i l l ( B o w l e r 1 9 8 3 a , 
1 9 8 3 c ) , and f rom t h e G u l f of C a r p e n t a r i a ( T o r g e r s e n e t a l 1 9 8 3 ; 
T o r g e r s e n e t a l 1985) b u t e v e n t h e s e s t u d i e s a r e i m p r e c i s e . 
Data from s o u t h e r n A u s t r a l i a can p r o v i d e a b a c k d r o p t o major and 
l o n g t e r m c l i m a t i c t r e n d s w h i c h m i g h t h a v e a f f e c t e d t h e Lawn H i l l 
a r e a . T h e s e r e c o r d s a r e f a r m o r e d e v e l o p e d t h a n a n y i n t r o p i c a l 
A u s t r a l i a and so a b r i e f i n s p e c t i o n of them i s u s e f u l . 
The f i n a l s o u r c e of i n f o r m a t i o n c o n s i s t s of numerous l e s s d i r e c t 
d a t a . I n t o t h i s c a t e g o r y f a l l c l i m a t i c i n f e r e n c e s d r a w n f r o m 
a r c h a e o l o g i c a l f a u n a l a s s e m b l a g e s , c o n t e m p o r a r y h y d r o l o g i c 
i n f o r m a t i o n and t h e n a t u r e and d i s t r i b u t i o n of c o n t e m p o r a r y f l o r a and 
f a u n a . 
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EVIDENCE FROM SOUTHERN AUSTRALIA 
Research in southern Australia has established three broad 
climatic phases in the late Quaternary (Bowler 1976). Prior to about 
40,000 years Before Present (BP), environmental conditions were 
largely the same as today, perhaps with slightly lower temperatures. 
Reduced evaporation during this period may have resulted in decreased 
water stress throughout the interior. As the sea level continued to 
drop, effective precipitation decreased, which is reflected in the 
southeast by drying of lakes, lunette construction and expansion of 
desert dunefields (Bowler 1976:67-73). This trend towards aridity was 
most pronounced between 22,000 years BP and 14,000 years BP, reaching 
a peak at approximately 18,000-16,000 years BP, coincident with the 
maximum extent of glaciation in Europe and with the minimum sea level 
(Chappell 1976:13-15). Bowler (1976:72) suggests that during this 
time, higher summer temperatures and low precipitation were the usual 
climatic combination. There was a gradual amelioration in climate 
from 14,000 years BP. 
EVIDENCE FROM NORTHERN AUSTRALIA 
The limited evidence from Lake Woods in the Northern Territory 
and Lake Gregory in Western Australia suggests that at some stage 
prior to 26,000 years ago these lakes were very much larger than now 
(Bowler 1983a). Bowler (1983a:5) proposed that the decreased water 
stress implied by this observation resulted from a 
precipitation/evaporation (P/E) ratio perhaps five times greater than 
todays. He suggests that during this period, absolute rainfall was 
far higher than it is today. This interpretation is generally 
supported by the evidence from Colless Creek Cave, which is discussed 
below (Hughes 1983). By analogy with southern Australia in the same 
period, conditions were probably cooler and wetter than they are 
today (Bowler 1976, 1983b). 
The evidence from Lake Woods and Lake Gregory, again supported 
by data from Colless Creek Cave, suggests that there was a change to 
drier conditions from around 25,000 years ago until about 14,000 
years ago (Bowler 1983c; Hughes 1983). By analogy with southern 
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Australia, the desiccation peaked around 18-15,000 years BP (Bowler 
1976:67-73, 1983d). After 14,000 years BP, the climate ameliorated 
and rainfall and temperature returned to more or less their present 
regime. 
EVIDENCE FROM PAPUA NEW GUINEA 
Most palaeoclimatic evidence from New Guinea is based upon 
palynological studies done at altitudes between 1930 m and 2550 m in 
the Papua New Guinea highlands (Hope 1983a-e). Further data comes 
from studies of raised coral reefs at the Huon Peninsula. These data 
indicate that about 30,000 years ago the temperature was 2-4°C cooler 
than at present. The temperature gradually declined until about 
18,000 years BP, when it was 7°C less than it is now. Between 15,000 
years BP and 10,000 years BP the temperature rose to approximately 
its present level. This final change was accompanied by an increase 
in rainfall. There is little evidence of climatic change during the 
early Holocene. Temperatures may have been slightly warmer than at 
present, and a decrease in summer rain resulted in smaller seasonal 
contrasts (Aharon 1983; Hope 1983d, 1983e). 
LAKE CARPENTARIA 
Nix and Kalma (1972) identified an enclosed basin in the Gulf of 
Carpentaria on the basis of charts from the Hydrographic Office of 
the Royal Australian Navy. They suggested that a shallow lake may 
have existed in the basin at times of lower sea levels, such as 
during the last glaciation. Using cores obtained during mining 
exploration Smart (1977) verified the hypothesis of Nix and Kalma, 
and placed the depth of the Carpentarian sill which would have 
separated the Pleistocene lake from the Arafura Sea at -53 m. 
Torgersen et a 1 (1983) undertook a much more exhaustive 
bathymetric survey of the Gulf of Carpentaria, plotting 15,000 
soundings to produce a bathymetric contour map. They found that depth 
contours exhibit closure at -53 m and below, and used this depth to 
define the maximum extent of Lake Carpentaria (see Figure 3:8). At 
its maximum extent such a lake might have covered more than 165,000 
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km^ with a maximum depth of 15-20 m. Torgersen et al (1983:217) 
suggest that the Carpentarian Sill may be a wave and wind built dune 
feature reflecting prevailing winds at times of low sea and lake 
levels. They also point out that at one time during the Pleistocene 
the Fly and Strickland Rivers flowed west into the drainage basin of 
Lake Carpentaria, which would have had dramatic consequences on the 
hydrology of Lake Carpentaria. Torgersen et al (1983:221) have 
identified what might be the channel of the Fly River when it ran 
into Lake Carpentaria, but the cessation of such a flow is not yet 
dated. Seismic data from the Gulf of Carpentaria near Weipa indicate 
features at -53 m and -65 m which have been interpreted as 
shorelines, indicating sizable bodies of standing water (Torgersen 
et al 1983:222). 
In an attempt to date these lake events, Torgersen et al (1985) 
analysed a number of sediment columns from the bed of the Gulf of 
Carpentaria. They found an alternating sequence of marine sediments, 
lacustrine mud, calcite, shells, and soil horizons which they 
interpret in the following ways: 
1. Prior to 36,000 years BP, a marine to brackish water body 
existed in the eastern portion of the Gulf. This water body 
dried up by 36,000 years BP and a poorly developed soil 
formed. 
2. From 36,000 to 26,000 years BP, a fresh to brackish water 
body reflected an increased effectiveness of the Northwest 
Monsoon. The salinity of the lake decreased through time. 
3. From 26,000 to 10,000 years BP, a fresh to brackish water 
body expanded and contracted in size, varying between the -54 
m contour and the -63 m contour. Water existed permanently in 
the deeper eastern part of the basin. The P/E ratio at this 
time is estimated at 60Z of the present value. 
4. Since 10,000 years BP, rising sea levels breached the 
Arafura Sill and increased the salinity of the basin, 
eventually forming the marine conditions of today. 
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CLIMATE AND VEGETATION IN PLEISTOCENE NORTHERN AUSTRALIA 
A number of r e s e a r c h e r s h a v e a t t e m p t e d t o r e c o n s t r u c t t h e 
Q u a t e r n a r y c l i m a t e of N o r t h e r n A u s t r a l i a , and t o u s e t h a t 
r e c o n s t r u c t i o n to s imula te p robab le v e g e t a t i o n p a t t e r n s . Their work 
i s based on f a i r l y broad p a l a e o g e o g r a p h i c a l , p a l a e o e c o l o g i c a l and 
p a l a e o n t o l o g i c a l ev idence , combined wi th an unders tanding of cu r r en t 
me teo ro log ica l c o n d i t i o n s , and p a t t e r n s of v e g e t a t i o n a l adap ta t i on . 
One of t h e f i r s t d e t a i l e d p a l a e o c l i m a t i c r e c o n s t r u c t i o n s was 
u n d e r t a k e n by Webster and S t r e t e n (1972) who examined c l i m a t i c 
c o n d i t i o n s d u r i n g t h e g l a c i a l maximum from a m e t e o r o l o g i c a l 
p e r s p e c t i v e . They p o i n t e d ou t t h a t o v e r t h e l a s t 40,000 y e a r s , t h e 
main topograph ica l f a c t o r s of any c l i m a t i c s i g n i f i c a n c e i n the Gulf 
area have been changes i n sea l e v e l . Reductions i n sea l e v e l r e s u l t 
from the formation of l a r g e c o n t i n e n t a l i c e - s h e e t s , exacerbated by 
i s o s t a t i c re-adjustment of the c o n t i n e n t a l s h e l v e s . During per iods of 
lower sea l e v e l , v a s t a reas of the no r the rn c o n t i n e n t a l s h e l f would 
have been exposed , i n c l u d i n g t h e A r a f u r a Sea and t h e Gul f of 
C a r p e n t a r i a . W e b s t e r and S t r e t e n ( 1 9 7 2 : 5 0 ) a r g u e d t h a t t h e 
e l i m i n a t i o n of e x t e n s i v e s h a l l o w w a t e r b o d i e s i n t h e Gul f of 
C a r p e n t a r i a , and t h e c o o l i n g of t h e sea s u r f a c e , would h a v e 
c o n s i d e r a b l y r e d u c e d t r o p i c a l c y c l o n o g e n e s i s and t h e e f f e c t of 
c y c l o n e s on t h e c o n t i n e n t a l i n t e r i o r . They s u g g e s t e d t h a t e v e n i n 
c o a s t a l a reas of the P l e i s t o c e n e con t inen t t h e r e might have been a 
dramatic decrease i n r a i n f a l l , wi th p r e c i p i t a t i o n occur r ing mainly i n 
summer t h u n d e r s t o r m a c t i v i t y . Webs te r and S t r e t e n (1972:51) a r g u e d 
t h a t under d r i e r c o n d i t i o n s , the l akes and streams running across the 
exposed c o n t i n e n t a l s h e l v e s "... would have exer ted l i t t l e i n f l u e n c e 
on the broader s c a l e c l i m a t e of the region". An i n c r e a s e i n land area 
a t the expense of s h a l l o w seas would have decreased the i n t e n s i t y of 
Hadley C i r c u l a t i o n s , r e s u l t i n g i n t h e i n c u r s i o n of c o o l e r , mid-
l a t i t u d e wind p a t t e r n s ( s e e a l s o Nix and Kalma 1972 :82 ; T o r g e r s e n 
e t a l 1983:208-9; Webster and S t r e t e n 1972:59). Thus, on the b a s i s of 
c l i m a t i c mechanisms e x i s t i n g i n t h e v i c i n i t y of t h e Gul f of 
C a r p e n t a r i a t o d a y , i t would be e x p e c t e d t h a t t h e r e g i o n had a 
s l i g h t l y c o o l e r and much d r i e r c l i m a t e be tween 20,000 and abou t 
14,000 years ago. 
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A s imi lar conclusion was reached by Jones and Bowler (1980) on 
the b a s i s of geomorphic ev idence . Using dune format ion as an 
i n d i c a t i o n of the P/E r a t i o they i n f e r much w e t t e r c o n d i t i o n s than 
today 30-40,000 years ago and extremely dry conditions about 18,000 
years ago. 
Nix and Kalma (1972) expanded on these reconstructions to 
simulate the response of vegetation to the palaeoclimatic changes. On 
the basis of detailed models of the relationship of floral 
communities to variations in rainfall, temperature and light, they 
constructed the environmental parameters which would yield each of 
six types of vegetation: closed forest, open forest, woodland, open 
woodland, shrubland and arid vegetation (Nix and Kalma 1972:75-80). 
Nix and Kalma then simulated the distribution patterns of these 
vegetation zones which would be expected for each of four climatic 
regimes. 
1. Climate A (20.000 years BP) exists during the later stages 
of sea level lowering, prior to the height of the maximum 
glaciation. They hypothesized that air temperatures were 3.5°C 
lower than today, precipitation half its present value and 
evaporation slightly reduced. They suggested that at this time 
a shallow and seasonally fluctuating lake existed in the Gulf 
of Carpentaria. 
2. Climate B (17.000-14,000 years BP) occurs in the period at 
and immediately following the maximum glaciation. Nix and 
Kalma suggested that annual mean temperatures were lower than 
at present, evaporation rates 1.25 greater than now, and 
precipitation half its present value. They suggested that Lake 
Carpentaria would have been either permanently or seasonally 
dry. 
3. Climate C (8.000 years BP) existed in the period following 
the rise in sea level but before Torres Strait was flooded. 
Nix and Kalma hypothesised that at this time air temperatures 
were higher than today, precipitation considerably higher and 
evaporation rates approximately the same as those today. They 
suggested that surplus water for run-off and drainage was 
perhaps 30-40Z higher than at present and that rivers and 
creeks in northern Australia would have sustained greater dry 
season flows and perhaps gallery forests. 
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4. C l imate D (3,000—0 y e a r s BP) i s t h e c l i m a t e of n o r t h e r n 
A u s t r a l i a as i t e x i s t s today. 
Figures 3:9-12 show the r e s u l t s of s imu la t i ons for each of these 
cond i t ions . Under Climate A, Lawn H i l l might have been i n s emi -a r id 
shrubland. As the c l ima te became d r i e r , the v e g e t a t i o n zones migrated 
n o r t h w a r d , l e a v i n g Lawn H i l l i n C l i m a t e B, a p p r o x i m a t e l y 4-500 km 
in to the a r i d zone. As the c l i m a t e ame l io ra t ed , the v e g e t a t i o n zones 
migrated south again, and i n Cl imate C Lawn H i l l might have been i n a 
zone of low open wood land/wood land. The f i n a l s i m u l a t i o n . Climate D, 
p l aces Lawn H i l l i n the low open woodland t e r r a i n of today. 
The p a l a e o c l i m a t i c and v e g e t a t i o n a l r e c o n s t r u c t i o n s of Nix and 
Kalma r e q u i r e some m o d i f i c a t i o n i n t h e l i g h t of more r e c e n t 
pa laeoenvi ronmenta l f ind ings . Taken a t a broad l e v e l , however, t h e i r 
s i m u l a t i o n s r ema in i n d i c a t i v e of t h e d i r e c t i o n and m a g n i t u d e of 
v e g e t a t i o n a l changes over the l a s t 30,000 yea r s . This i s r e f l e c t e d i n 
more recen t s imu la t ions of v e g e t a t i o n and a lbedo maps. Carey (1983) 
produced maps f o r t h e g l a c i a l maximum (a round 18,000 y e a r s BP), o r 
Nix and Kalma's Climate B. Ross (1983) has produced maps for p o s s i b l e 
v e g e t a t i o n a l zones a t 9,000 years BP, approximate ly Nix and Kalma's 
Climate C. The v e g e t a t i o n c l a s s i f i c a t i o n s used i n these papers a re 
not the same as Nix and Kalma's, but the on ly d i f f e r ence between the 
r econs t ruc t i ons i n the Lawn H i l l a rea i s t h a t for the 18,000 years BP 
p e r i o d Ca rey ' s " a r i d g r a s s l a n d " does n o t e x t e n d as f a r t o t h e n o r t h 
as Nix and Kalma 's " a r i d v e g e t a t i o n " . I t i s t h e r e f o r e r e a s o n a b l e t o 
a c c e p t t h e s e v a r i o u s r e c o n s t r u c t i o n s as c o n s i s t e n t w i t h c u r r e n t 
p a l a e o c l i m a t i c informat ion. 
Two f u r t h e r p o i n t s c a n be made w i t h r e s p e c t t o t h e s e 
r e c o n s t r u c t i o n s of v e g e t a t i o n zones: 
1. The l i k e l y p a t t e r n of v e g e t a t i o n z o n a t i o n i n t h e p e r i o d 
35,000-25,000 years BP can be deduced. Throughout t h i s per iod , 
temperatures were c o o l e r than today, p r e c i p i t a t i o n f a r h igher , 
and evapora t ion the same or lower. Under t he se c o n d i t i o n s , i t 
i s l i k e l y t h a t v e g e t a t i o n a l types would have migrated as 
f a r s o u t h as t h e y d i d a t 9,000 y e a r s BP and p e r h a p s much 
f u r t h e r . I f t h i s o c c u r r e d . Lawn H i l l may h a v e been i n a zone 
of wet s c l e r o p h y l l / o p e n f o r e s t dur ing 35-25,000 years BP. 
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2. A l t h o u g h t h e s e s i m u l a t i o n s s u g g e s t d r a m a t i c l o n g - t e r m 
changes i n t h e v e g e t a t i o n a t Lawn H i l l , t h e l o c a t i o n of 
v e g e t a t i o n a l d i f f e r e n c e s w i t h i n t h e s t u d y a r e a wou ld h a v e 
remained the same. Geo log i ca l and topographic f e a t u r e s which 
s t r o n g l y a f f e c t v e g e t a t i o n today would have cont inued to have 
been i n f l u e n t i a l even under d i f f e r e n t c l i m a t i c regimes. 
A PALAEOENVIRONMENTAL RECONSTRUCTION FOR LAWN HILL 
In a s s e s s i n g p a l a e o c l i m a t i c change i n t he Lawn H i l l a r ea , i t i s 
necessa ry to d i s t i n g u i s h t he envi ronmenta l h i s t o r y of t he gorges from 
t h a t of t h e s u r r o u n d i n g a r e a s . Dur ing d r o u g h t s i n h i s t o r i c t i m e s , 
C o l l e s s Creek and Lawn H i l l Creek c o n t i n u e d t o f l o w b e c a u s e t h e y 
depend on underground r e s e r v o i r s of water as much as su r face run-off . 
I t i s l i k e l y t h a t a s i m i l a r s i t u a t i o n a p p l i e d i n t h e p a s t and t h a t 
e v e n i n t h e v e r y a r i d p e r i o d from 22,000 t o 14 ,000 y e a r s BP t h e r e 
wou ld h a v e been w a t e r a v a i l a b l e i n t h e g o r g e s . Lower e v a p o r a t i o n 
r a t e s a t t he t ime may even have aided i n r e t a i n i n g water i n the gorge 
sys t em. Th i s s u g g e s t i o n i s s u p p o r t e d by t h e e x i s t e n c e of r e l i c t 
spec ies of t r o p i c a l p l a n t s , such as palms ( L i v i s t o n a spp.) and cycads 
(Macrozamia spp.), which have s u r v i v e d i n t he sanc tua ry of t he gorges 
for many hundreds of thousands of yea r s . Faunal remains found i n cave 
s e d i m e n t s d a t e d t o be tween 18 ,000 and 14 ,000 y e a r s BP, such as 
f reshwater mussel s h e l l , f i s h and t u r t l e , a l s o i n d i c a t e t he ex i s t ence 
of w a t e r i n t h e g o r g e s a t t h e s e t i m e s . Whether t h e w a t e r f l owed 
p e r m a n e n t l y or o n l y p e r i o d i c a l l y i s a q u e s t i o n t h a t c a n n o t be 
answered a t the moment. Before and a f t e r t h a t l a t e P l e i s t o c e n e a r i d 
phase, r a i n f a l l was p robab ly more f requent and so s t ream flows were 
p robab ly s i m i l a r t o those of today. 
Un l ike t he gorges , t he ad jacent p l a t e a u a r ea s a r e watered s o l e l y 
by p r e c i p i t a t i o n and a r e t h e r e f o r e more s e n s i t i v e t o c l i m a t i c change. 
Today, t he p l a t e a u i s a semi-ar id g r a s s l a n d which r e c e i v e s water on ly 
dur ing the shor t summer wet season. Hughes (1983) argued t h a t changes 
i n run^of f i n t o C o l l e s s Creek Cave r e f l e c t e d c h a n g e s i n a b s o l u t e 
r a t h e r than e f f e c t i v e r a i n f a l l . As t he water e n t e r i n g t he cave passes 
t h r o u g h v e r t i c a l f i s s u r e s c o n n e c t e d t o t h e p l a t e a u a b o v e , t h e 
h y d r o l o g i c h i s t o r y of the cave can be t aken as a r e l i a b l e i n d i c a t o r 
of a b s o l u t e p r e c i p i t a t i o n on t h e p l a t e a u . On t h i s b a s i s , Hughes 
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p o s t u l a t e d t h a t a wet p e r i o d a t some t ime p r i o r t o 18,000 y e a r s BP 
r e s u l t e d from h i g h e r a b s o l u t e r a i n f a l l t h a n t o d a y (Hughes 1983) . 
Fol lowing t h a t wet phase was a d r i e r per iod which presumably became 
most a r i d be tween 18,000 y e a r s BP and a b o u t 14,000 y e a r s BP. Hughes 
(1983) a l s o noted t h a t today the catchment a rea for f i s s u r e s l ead ing 
to C o l l e s s Creek Cave c o n s i s t s of bare rock wi th t r unca t ed remnants 
of s o i l s , whereas the cave conta ins t h i r t y to f o r t y cubic metres of 
sediment de r ived from t h a t catchment. I t i s t h e r e f o r e p o s s i b l e t h a t 
the l a s t 20-30,000 years have seen a p r o g r e s s i v e removal of s o i l from 
t h e p l a t e a u , a t l e a s t i n t h e v i c i n i t y of t h e c a v e , as w e l l as 
a s soc ia t ed changes i n f l o r a l communities. I t i s i n t e r e s t i n g to note 
t h a t sediment accumulat ion a c c e l e r a t e d dur ing the a r i d phase between 
1 7 , 0 0 0 and 1 3 , 5 0 0 y e a r s BP ( s e e C h a p t e r 8 ) . The i n c r e a s e d 
sedimentat ion i s r e l a t e d to a per iod of decreased r a i n f a l l , and i t i s 
l i k e l y t h a t the sedimenta t ion r a t e r e f l e c t s the decreased v e g e t a t i o n 
of t h e p l a t e a u which i s p r e d i c t e d f o r t h e h e i g h t of t h e a r i d p h a s e . 
Changes i n s o i l and p l a n t cover , i n a s s o c i a t i o n wi th the v a r i a t i o n s 
i n r a i n f a l l and t e m p e r a t u r e , m u s t h a v e p r o d u c e d d r a m a t i c 
environmental changes on the p l a t e a u . An area wi th deep and e x t e n s i v e 
s o i l cover and perhaps open f o r e s t v e g e t a t i o n under a w e t t e r c l i m a t i c 
regime p r i o r t o 18,000 y e a r s BP became an a r i d l a n d s c a p e be tween 
about 18,000 and 14,000 y e a r s BP, and t h e n g r a d u a l l y a l t e r e d u n t i l 
t h e p r e s e n t c o n d i t i o n s d e v e l o p e d ( c f . Nix and Ka lma 1 9 7 2 ) . 
Archaeolog ica l s i t e s a t Lawn H i l l were found to con ta in evidence for 
human occupat ion throughout t h i s per iod of envi ronmenta l change. 
SUMMARY OF ENVIRONMENTAL CHANGE 
By combining these scanty fragments of ev idence , i t i s p o s s i b l e 
to r e c o n s t r u c t changes i n p r e h i s t o r i c c l i m a t e and enviroimient a t Lawn 
H i l l over the pas t 40,000 yea r s . 
35.000 to 25.000 years BP 
In c o n t r a s t t o the c u r r e n t c l i m a t e , t h i s per iod was one of much 
h i g h e r a b s o l u t e r a i n f a l l , s l i g h t l y c o o l e r t e m p e r a t u r e s and lower 
e v a p o r a t i o n r a t e s . As a c o n s e q u e n c e of t h e s e c l i m a t i c c o n d i t i o n s , 
w a t e r was more p l e n t i f u l and more r e l i a b l e t h a n t o d a y . Much of t h e 
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p l a t e a u c o n t a i n e d d e e p e r and r i c h e r s o i l s t h a n i t does t o d a y , and 
t h i s , combined wi th the g r e a t e r water a v a i l a b i l i t y , r e s u l t e d i n dense 
woodlands. 
The sea l e v e l a t 30,000 y e a r s BP was -45j^5 m and t h e c o a s t l i n e 
was l o c a t e d 260 km t o t h e n o r t h . I n c r e a s e d e f f e c t i v e n e s s of t h e 
N o r t h w e s t Monsoon e x a g g e r a t e d t h e s e a s o n a l v a r i a t i o n s i n r a i n f a l l 
apparent today. A f r e s h t o b r a c k i s h l a k e e x i s t e d permanent ly i n the 
Gulf of Carpen ta r i a . The s a l i n i t y of t he l a k e decreased through t ime. 
25.000 t o 20,000 yea r s BP 
During t h i s t ime t h e r e was a dec rease i n p r e c i p i t a t i o n compared 
wi th t he p r ev ious per iod . Temperature was lower than today. The sea 
l e v e l dropped from about -82H:8 m a t 25,000 yea r s BP t o -130+^10 m 
a t 20,000 years BP. As a r e s u l t of the sea l e v e l change the no r the rn 
c o a s t l i n e moved from 700 km from Lawn H i l l t o 1000 km away. I n t h e 
Gulf of Ca rpen ta r i a , an e x t e n s i v e p l a i n surrounded a l a r g e l a k e of 
b r a c k i s h water . 
20.000 t o 14,000 years BP 
This per iod was much d r i e r and c o o l e r than t h e p r ev ious phases 
and today. Absolu te r a i n f a l l was as much as h a l f t h a t of the p rev ious 
per iod but p o t e n t i a l e v a p o r a t i o n r a t e s were h ighe r . As a consequence, 
c o n d i t i o n s w e r e more a r i d t h a n b e f o r e o r s i n c e . W a t e r f rom 
p r e c i p i t a t i o n was l e s s w ide ly a v a i l a b l e and s t and ing water evapora ted 
more r a p i d l y t h a n t o d a y . V e g e t a t i o n c o v e r wou ld h a v e d e c l i n e d , 
p o s s i b l y l ead ing t o g r e a t e r e ro s ion , e s p e c i a l l y i n t he upland a r e a s . 
I t i s the p l a i n i n p a r t i c u l a r which would have r e f l e c t e d the changed 
P/E r a t i o . Lawn H i l l and C o l l e s s Creeks p robab ly remained permanent 
s t reams, a l t hough they may have diminished i n s i z e and ceased to f low 
a s h o r t d i s t a n c e o n t o t h e p l a i n . Lou ie Creek may h a v e become 
i n t e r m i t t e n t or f a i l e d a l t o g e t h e r , and c e r t a i n l y d id not f low i n i t s 
c o u r s e a c r o s s t h e p l a i n e x c e p t a f t e r r a i n . E l s e w h e r e on t h e p l a i n , 
water would not have been a v a i l a b l e except immedia te ly a f t e r r a i n , 
and water sources would have been much l e s s r e l i a b l e than today. As a 
r e s u l t of t h e s e h y d r o l o g i c a l changes, many of t h e p l a n t and animal 
spec i e s i n h a b i t i n g t he r eg ion would have been more a r i d adapted than 
found t h e r e today, but t he major zona t ions w i t h i n t he s tudy a rea were 
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probably much like they are now because they are dependent on geology 
and topography. 
Sea level reached a low point of -150 m about 18,000 years ago, 
and at that time the coast lay approximately 1,200 km to the north. 
The reduction of cyclonogenesis accompanying the disappearance of the 
shallow seas from the Gulf of Carpentaria resulted in a decrease in 
seasonal variation in rainfall. At this time Lake Carpentaria was a 
brackish water body which varied greatly in depth. 
14.000 to 10,000 years BP 
During this period, temperatures increased to approximately 
their present levels and rainfall increased. There was a relaxation 
of the water stresses which occurred in the preceding period. The 
distribution and reliability of water was probably much the same as 
at present and as a result the vegetation and faunal communities may 
also have been similar to those of today. The increased ground cover 
on the plateau probably reduced erosion. 
The sea level rose from -120 m to -40 m, and as a result the 
coast returned to within 220 km of Lawn Hill. During this period, the 
Gulf of Carpentaria changed from a wide plain containing a brackish 
lake to a shallow marine body as sea levels rose above the Arafura 
Sill. 
9.000 to 5.000 years BP 
Temperatures and absolute precipitation may have been slightly 
higher than today. As in New Guinea, there may have been reduced 
seasonal contrasts. The availability of water was probably much the 
same as today but increased precipitation may have resulted in a 
greater amount of vegetation cover. 
During this period, the sea level rose from -20 m to reach its 
present level by 6,500 years BP. At 5,000 years BP the sea level was 
about 1-2 m higher than at present. 
5.000 years BP to present 
The climate was much the same as today. The temperature, 
rainfall, hydrology and vegetation patterns were the same as 
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described earlier. On the coast the sea level returned to its present 
level and has varied only minimally since. 
THE POSSIBLE EFFECTS OF ENVIRONMENTAL CHANGE ON HUMANS 
Perhaps the major environmental change in Northern Australia 
over the last 40,000 years was the lateral movement of the coast and 
the variations in the size and characteristics of Lake Carpentaria. 
The effect of Lake Carpentaria on humans at Lawn Hill will only be 
observable in archaeological sites older than 5,000 years BP. The 
Lawn Hill region is near the edge of the lake catchment, at least 
several hundred kilometres from the lake maximum, and in a situation 
where local environmental conditions could easily mask the effects of 
changes in human occupation around the lake. Analyses of sites in 
this area would therefore need to be quite sensitive to detect 
evidence relating to prehistoric exploitation of the now submerged 
Carpentarian Lake and plains. There may, for example, be signs of 
trade between the stone-rich rim of the catchment and the stone-poor 
region of Lake Carpentaria. On present evidence, however, the quest 
for information about the effects of the lake upon Aboriginal 
exploitation of the region will have to be satisfied by less direct 
measures, such as similarities in the timing and nature of changes at 
sites scattered throughout different environments within the lake 
catchment, and differences in changes between sites within the 
catchment and those outside. Lawn Hill is the only region for 500 km 
in any direction in which research has revealed sites older than 
5,000 years BP, and all sites of this antiquity at Lawn Hill are in 
the same environmental situation. The role of Lake Carpentaria in the 
prehistory of Lawn Hill is therefore not a question which can be 
addressed at the moment. It is more profitable to examine the 
response of prehistoric inhabitants to the local climate and 
resources. 
Dramatic environmental changes such as those which occurred at 
Lawn Hill might be expected to have resulted in changes in patterns 
of human occupation. For example, prior to 25,000 years BP and during 
the early Holocene, human groups might have adjusted to the greater 
seasonal differences and generally greater availability of water by 
ranging widely and structuring their activities around seasonally 
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abundant resources. The settlement pattern might have involved the 
exploitation of most areas of the landscape but with relatively less 
mobility. It might also be suggested that in these conditions the 
location and scheduling of activities was relatively flexible. On the 
other hand, the arid phase from 18,000 to 14,000 years BP would have 
placed much greater water stress on human groups. The lower 
precipitation, higher evaporation and relative lack of seasonality 
would have maintained this stress all year round, making it risky 
for people to exploit many parts of the region in which no water was 
available. Associated with these changes in water stress would have 
been variations in plant and animal communities, and although these 
cannot be pinpointed with our present knowledge they would certainly 
have affected the economy of the inhabitants. These logistic 
conditions might have reduced the number of choices in activities and 
schedules. 
I t has been s u g g e s t e d t h a t i n a r i d and s e m i - a r i d l a n d s c a p e s 
p e o p l e a d j u s t t o w a t e r s t r e s s by e n l a r g i n g t h e i r t e r r i t o r y (eg. 
B i r d s e l l 1953; T inda le 1940, 1974:31; Yengoyan 1975). This p r i n c i p l e 
f o l l o w s a g e n e r a l e x p e c t a t i o n t h a t t e r r i t o r y s i z e s h o u l d v a r y 
i n v e r s e l y w i t h g r o s s e n v i r o n m e n t a l p r o d u c t i v i t y (Jochim 1981:169). 
Jochim (1981:105) c l a i m e d t h a t t h e s e a rgumen t s a r e ba sed on t h e 
g e n e r a l l y v a l i d s ta tement t h a t 
. . . n i c h e w i d t h t e n d s t o v a r y i n v e r s e l y w i t h 
subs i s t ence s e c u r i t y . Wide n i c h e s or g e n e r a l i s t 
o r i e n t a t i o n s may be i n c r e a s i n g l y advantageous as 
s e c u r i t y d e c r e a s e s . 
This argument has been used by a number of a r c h a e o l o g i s t s , and t h e 
mechanisms by which groups have v a r i e d n iche width a r e not r e s t r i c t e d 
to changes i n the s i z e of the t e r r i t o r y e x p l o i t e d . Gould (1980:157), 
for i n s t a n c e , b e l i e v e d t h a t the t r a n s p o r t a t i o n of s tone m a t e r i a l s i n 
the Western Desert r e f l e c t e d resource shar ing between groups t h a t was 
f a c i l i t a t e d by e x t e n s i v e l o n g - d i s t a n c e s o c i a l n e t w o r k s which 
d e v e l o p e d i n c o n d i t i o n s of f l u c t u a t i n g and u n p r e d i c t a b l e resource 
a v a i l a b i l i t y . 
The i n h a b i t a n t s of Lawn H i l l may have d e a l t wi th envi ronmenta l 
change by us ing o the r s t r a t e g i e s . S u b s i s t e n c e a c t i v i t i e s which a r e 
c o s t l y and r i s k y may be e l i m i n a t e d i n favour of a c t i v i t i e s which have 
r e l i a b l e and c o s t e f f i c i e n t r e t u r n s ( Jochim 1981 :106) . S i m i l a r l y , 
human groups may e l i m i n a t e from t h e i r t e r r i t o r y a reas i n which a l l 
a c t i v i t i e s a re r i s k y and u n r e l i a b l e , e v e n t u a l l y s p e c i a l i z i n g i n the 
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exploitation of a small but reliable territory. Alternatively, human 
groups could invest more time and energy and/or develop new 
technologies to reduce the level of insecurity involved in certain 
activities or the use of particular areas. 
The strategy which would have been employed at Lawn Hill in the 
face of environmental stress cannot be predicted because, as Jochim 
(1981:106-7) pointed out, "Human responses to insecurity are creative 
strategies, not automatic responses". Whatever the reaction of the 
occupants might have been, it is likely that the arid phase in 
particular was stressful on both humans and the landscape. As 
described above, at that time the climatic and hydrological zones of 
central northern Australia were compressed northward towards the 
Gulf. Colless Creek would have been within an expanded arid zone 
rather than in semi-arid tropical savanna as it is today. Bowler, 
following Nix and Kalma (1972:90-91), has suggested that the greatest 
mobility in environmental boundaries occurred in the climatically 
sensitive semi-arid zones. He therefore hypothesised that, 
...within these regions the changes would 
probably have been sufficient to induce 
significant and, hopefully, detectable changes in 
the distribution and adaptation of human 
populations. In the semi -arid zone the 
alternation of periods of increased productivity 
with more desertic conditions would have imposed 
considerable stress on the population. (Bowler 
1976:75) 
This proposition can be tested in the Lawn Hill region. The potential 
of this area for examining this issue is increased by the existence 
of one distinctive zone, the gorges, which have been effectively 
exempt from climatic change. 
One resource which was not affected by these climatic changes 
was flakeable stone. The outcrops of chert, greywacke and quartzite 
which were described earlier would not have been exposed or hidden by 
sediments during the span of human occupation. The quality of 
material may have declined over time, but only if the most suitable 
material was removed for artefact manufacture faster than it was 
replaced naturally. Chronological changes in raw material procurement 
and artefact manufacture should therefore reflect variations in the 
economy, scheduling and technology of the inhabitants. For these 
reasons, the spatial and temporal patterns of hard preservable 
debris, stone artefacts, can be used to gauge the human response to 
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long-term environmental change. 
The relatively long-term interactions between humans and the 
environment would be superimposed upon shorter-term variations in the 
landscape and in human activities. Seasonal and spatial differences 
in the availability of resources require humans to structure their 
activities to take advantage of these differences and to minimise 
difficulties which variations in the landscape entail. Patterns of 
mobility, site location, foraging, hunting, stone procurement and 
artefact manufacture might all reflect the adjustments of the human 
occupants to these short-term environmental conditions. 
3.3 REFINING THE OBJECTIVES OF THE STUDY 
The selection of issues to be investigated depended upon both 
the nature of climatic variations within the study area and the 
resolution of the archaeological data. The only commonly preserved 
items of material culture are stone artefacts, and consequently the 
archaeological research documented below had to concentrate on the 
examination of the location and quantity of discarded artefacts and 
the activities related to their manufacture. In particular, the study 
seeks to examine variations, in time and space, of prehistoric 
activities reflected in archaeological stone artefacts. 
The accuracy with which archaeological materials can be dated 
also affected the issues which could be examined archaeological ly. 
Clearly the response of humans to diurnal or seasonal changes is 
difficult to test when dates are accurate only to within hundreds or 
thousands of years. This does not imply that such events cannot be 
examined by indirect means, only that the data lends itself to the 
study of broader processes. Binford (1978:483) grouped the 
chronological resolution of archaeological debris in the following 
way, 
An assemblage accvmiulated over the course of an 
e n t i r e yea r ' s occupat ion of a l o c a t i o n may be 
viewed as a r a t h e r g r o s s , or c o a r s e - g r a i n e d , 
temporal sample. On the other hand, an assemblage 
accumulated during a 2-day occupation represents 
a fine-grained temporal sample. 
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Binford concluded that mobi l i ty was the main systemic factor 
determining assemblage grain; the higher the mobi l i ty , the f iner 
grained the assemblage. Foley (1981c) pointed out, however, tha t 
landscape s t a b i l i t y i s a major component in the formation of 
assemblage grain. In a very s t a b l e landscape, in which there i s 
l i t t l e or no sedimentation, many occupation events may become 
superimposed over a long period, perhaps homogenizing the assemblages 
and thereby dupl ica t ing the coarse-grained pa t t e rn of an immobile 
settlement system. Similar patterns might resul t in a highly eroded 
landscape, in which lagging of artefacts compresses a number of fine-
grained assemblages into a single coarse-grained one. 
In these terms, the grain of assemblages can be expected to vary 
throughout the Lawn Hi l l landscape because of the operation of two 
processes. F i r s t l y , some surfaces have been extremely s t ab l e 
throughout the period of human occupation while on others there has 
been severa l metres of sediment accumulation. Secondly, human 
mobi l i ty was probably greater in some areas than in others . 
Chronological resolution is generally low throughout the study area 
and the chronological phases discussed in the previous section are of 
a different scale from those Binford employs, with short term change 
implying up to several hundred years, and long term change implying 
thousands of years. The majority of s i t e s remain undated, and 
although their stratigraphic position occasionally allows re la t ive 
dat ing, i t genera l ly gives an ind ica t ion of absolu te age only in 
gross blocks, such as Ple is tocene or Holocene. Even on s i t e s which 
have been radiocarbon dated the assemblages can only be assigned to 
phases 2,000-3,000 years long. 
These levels of resolution in the archaeological data from Lawn 
Hil l have consequences for the questions examined and the way they 
are framed. Variat ions in mater ia l cu l tu re through space and over 
long periods of time are issues most r e a d i l y examined at Lawn H i l l 
and these are the subjects on which this study concentrates. 
As s ta ted in Chapter 1, the aim of the Lawn H i l l study was to 
examine the material culture of the area's inhabitants, and the ways 
in which their responses to environmental change are reflected in the 
material culture. In view of the environmental data presented above 
i t i s poss ib le to ref ine these objec t ives by focusing on two 
environmental changes. The f i r s t is the desiccation of the landscape 
which was most in tense approximately 18,000-14,000 years ago. A 
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number of s t r a t e g i e s for d e a l i n g wi th t h i s c l i m a t i c change have been 
s u g g e s t e d : e n l a r g i n g t e r r i t o r y s i z e , r e d u c i n g t e r r i t o r y s i z e , 
reducing the range of a c t i v i t i e s , or deve lop ing t e c h n o l o g i c a l ways of 
r e d u c i n g s t r e s s . Th i s t h e s i s s e e k s t o d e t e r m i n e which of t h e s e 
s t r a t e g i e s was adopted by p r e h i s t o r i c people a t Lawn H i l l . 
The second environmental f e a t u r e explored i n t h i s t h e s i s i s the 
s p a t i a l d i s t r i b u t i o n of r e s o u r c e s . I t i s a p p a r e n t t h a t t o d a y t h e r e 
are s h o r t - t e r m v a r i a t i o n s i n the environment which could a f f e c t the 
m a t e r i a l c u l t u r e of h u n t e r - g a t h e r e r s . At Lawn H i l l seasona l c o n t r a s t s 
i n temperature , water a v a i l a b i l i t y and e d i b l e resources a re marked, 
but more dramatic a re the s p a t i a l d i f f e r e n c e s i n the d i s t r i b u t i o n of 
resources and the d i f f e r e n t p r o p e r t i e s of those r e sou rces . I t i s the 
i n t e r a c t i o n of s t r a t e g i e s of s e t t l e m e n t , raw m a t e r i a l procurement and 
stone a r t e f a c t manufacture wi th the m i d - l a t e Holocene landscape which 
i s the second focus of t h i s t h e s i s . 
3 . 4 FIELDWORK METHODS 
Most of t h e d a t a abou t t h e p r e h i s t o r i c s t r a t e g i e s f o r d e a l i n g 
w i t h s h o r t t e rm v a r i a t i o n s i n t h e l a n d s c a p e were o b t a i n e d from an 
examination of a r c h a e o l o g i c a l m a t e r i a l exposed on the ground sur face . 
S e t t l e m e n t p a t t e r n s and r e s o u r c e u s e were r e c o n s t r u c t e d p r i m a r i l y 
from informat ion recorded dur ing s i t e su rveys . 
Su rvey work was c a r r i e d o u t i n two s t a g e s . F i r s t , m o d e r a t e l y 
d e t a i l e d examinations of a reas i n d i f f e r e n t l andscapes , a t po in t s of 
access , were made to c h a r a c t e r i z e the a rchaeology of the a r ea , and to 
l o c a t e s i t e s which could be excavated t o p rov ide time depth (Figure 
3:13). Secondly, t h r e e t r a n s e c t s were i n v e s t i g a t e d , each c o n s i s t i n g 
of h i g h l y i n t e n s i v e s u r v e y s of 1 km u n i t s spaced 4 - 5 km a p a r t 
(Figure 3:14). These t r a n s e c t s were o r i e n t e d a t r i g h t ang l e s t o major 
environmental f e a t u r e s i n order t o o b t a i n da ta about v a r i a t i o n s i n 
a c t i v i t y l o c a t i o n and a s s e m b l a g e c o m p o s i t i o n . A t h i r d s t a g e , 
i n v o l v i n g t h e s u r v e y of a r e a s chosen r andomly from a s t r a t i f i e d 
sample, was planned to b e t t e r de f ine a c t i v i t y l o c a t i o n s but was not 
c a r r i e d out because funds were not a v a i l a b l e . N e v e r t h e l e s s , a t o t a l 
of 7.6Z of the study area was surveyed (Table 3:6). 
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More detailed information about short term patterns, and 
evidence for the long term variations in prehistoric strategies, was 
obtained from the analysis of debris recovered by surface collection 
or excavation. In this study artefactual assemblages from 11 sites 
were examined in detail. These sites are listed in Table 3:7 and 
their location shown in Figure 3:15. The open sites from the plateau 
are recorded in this study for the first time. Four sites in the 
gorges were examined, two of which are reported for the first time 
(Lawn Hill 2, and Louie Creek 2). Colless Creek Cave was first 
recorded by Philip Holden and in 1979 Philip Hughes and Ken Aplin 
excavated four squares. Louie Creek Cave was first recorded by 
Edwards and Mountford (1968) but was not further investigated until 
this study. The five sites on the Carpentarian Plain which are 
reported in detail here were discovered during the course of this 
research. 
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THE LOCATION OF ACTIVITIES IN THE LANDSCAPE 
The first step towards understanding the prehistoric use of the 
Lawn Hill region is to describe the location of prehistoric 
activities. This chapter examines two aspects of activity location: 
the environmental factors which influenced the positioning of 
artefact discard within the landscape, and the degree to which these 
environmental factors determined assemblage variation. These two 
aspects of prehistoric settlement patterns have frequently been 
linked by archaeologists who argue that the environmental features 
surrounding a site influences the choice of activities carried out 
there and in turn the nature of activities determine the composition 
of the stone artefacts discarded there (eg. Binford 1973, 1978, 
1983). Any attempt to address this issue at Lawn Hill, by depicting 
the position of past human actions, immediately confronts the 
question of how these activity locations can be described using 
archaeological materials. 
4.1 ARCHAEOLOGICAL FRAMEWORKS FOR THE STUDY OF 
PREHISTORIC SETTLEMENT 
During the prehistoric period in which Lawn Hill was occupied, 
humans would have visited most areas of the landscape, but the 
frequency and length of visits would have varied at different points 
in the landscape, being greater in areas of greater resource use. 
Similar arguments have been presented in the common divisions made 
between base-camp and activity specific locations (eg.Binford 
1978:483-497, 1983:325-336, 357-378; Jones 1980; Plog and Hill 
1971:8) and, more recently, between sites and non-sites (eg. Foley 
1981a, 1981b; Isaac 1981; Thomas 1975). Although people may move 
constantly around a certain territory, Isaac (1981) argued that they 
consistently return to foci or base-camps. People will not only 
inhabit places where they eat and sleep, they will also habitually 
return to other areas for activities such as the gathering of foods 
or raw materials. Isaac (1981) contended that if the loss of 
artefacts occurs randomly as humans move around the landscape, then 
the pattern of artefact locations will be broadly characteristic of 
those movements. While the sequence of movements is lost, variations 
in the frequency of visits is reflected in the variations in the 
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d e n s i t y of a r t e f a c t s w i t h i n t h e l a n d s c a p e : p o i n t s wh ich a r e 
con t inuous ly r e v i s i t e d w i l l have more a r t e f a c t s than p o i n t s which a r e 
r a r e l y v i s i t e d . I t has been noted t h a t t he v a l i d i t y of t h i s p r i n c i p l e 
i s h i g h l y dependent on an a c c u r a t e u n d e r s t a n d i n g of t h e geomorph ic 
h i s t o r y of the landscape (Foley 1981a:161-178, 1981c). A r c h a e o l o g i s t s 
who h a v e u s e d t h i s m o d e l h a v e f o u n d t h a t t h e p a t t e r n of 
a r c h a e o l o g i c a l d e b r i s i n a l a n d s c a p e i s most e a s i l y u n d e r s t o o d by 
c l a s s i f y i n g m a t e r i a l i n t o two g r o u p s . S i t e s a r e c o n c e n t r a t i o n s of 
m a t e r i a l s (and t h e r e f o r e a c t i v i t i e s ) r e l a t i v e t o those i n surrounding 
a r e a s . Background s c a t t e r i s t he more d i s p e r s e d d e b r i s which r e s u l t s 
from more occas iona l a c t i v i t i e s . 
Archaeo log i ca l i n v e s t i g a t i o n s of p r e h i s t o r i c s e t t l e m e n t p a t t e r n s 
have t r a d i t i o n a l l y concen t ra ted on d i s c o v e r i n g the l o c a t i o n of s i t e s . 
Thomas (1975:62) a r g u e d t h a t t h i s a p p r o a c h was n o t s a t i s f a c t o r y 
b e c a u s e t h e d i v i s i o n be tween s i t e s and b a c k g r o u n d was u s u a l l y 
a r b i t r a r y and i l l - d e f i n e d , and t h a t s ince not a l l in fo rmat ion about 
a c t i v i t y l o c a t i o n r e s i d e s i n s i t e s " . . . a r c h a e o l o g y ' s p r e o c c u p a t i o n 
w i t h s i t e s . . . h a s a l l o w e d some i m p o r t a n t i n f o r m a t i o n t o p a s s 
u n n o t i c e d . . . " F o l e y (1981a :13) expanded upon t h i s c r i t i q u e t o a r g u e 
t h a t hiaman subs i s t ence behaviour was s p a t i a l l y con t inuous , a l t hough 
t h e i n t e n s i t y of a c t i v i t i e s v a r i e d due t o n o n - u n i f o r m r e s o u r c e 
d i s t r i b u t i o n , and t h a t d i s c a r d e d m a t e r i a l c u l t u r e r e f l e c t e d t h e s e 
e c o l o g i c a l l y c o n t r o l l e d p a t t e r n s of s u b s i s t e n c e . Thomas (1975) and 
F o l e y (1981a, 1981b) t h e r e f o r e abandoned t h e s i t e c o n c e p t and 
measured t h e d i f f e r e n t i a l u s e of e n v i r o n m e n t s by c a l c u l a t i n g t h e 
d e n s i t y of a l l a r t e f a c t s i n each environment. 
D e s p i t e t h e s e d i f f i c u l t i e s , t h e s i t e c o n c e p t does r e t a i n 
a d v a n t a g e s f o r i n v e s t i g a t i o n s of p r e h i s t o r i c s e t t l e m e n t . Thomas's 
argument t h a t the background s c a t t e r con t a in s in fo rmat ion not found 
i n s i t e s does not nega te t he p r o p o s i t i o n t h a t c l u s t e r s of a r t e f a c t s 
o c c u r and t h a t t h e y r e p r e s e n t r e l a t i v e l y i n t e n s e human o c c u p a t i o n 
(cf. Foley 1981a:31). I n s t e a d , Thomas's argument mere ly i m p l i e s t h a t 
s i t e s s h o u l d n o t be t h e o n l y l e v e l o r c a t e g o r y of s e t t l e m e n t 
a n a l y s i s . On t h e one hand , i f t h e c h a r a c t e r i s t i c of s e t t l e m e n t 
p a t t e r n s b e i n g i n v e s t i g a t e d i s t h e d i f f e r i n g i n t e n s i t y w i t h which 
landscapes were occupied, then i t i s t he t o t a l number and d e n s i t y of 
a r t e f a c t s i n each type of l andscape which p r o v i d e s t he a p p r o p r i a t e 
u n i t of c o m p a r i s o n . I n t h i s c a s e , knowing t h e number and s i z e of 
s i t e s i n d i c a t e s no th ing about t he i n t e n s i t y of o f f - s i t e a c t i v i t i e s . 
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If, on the other hand, it is the structure of activity location which 
is in question, then one appropriate unit of comparison is the 
number, size and distribution of sites. Thus, the site concept is a 
valid means of studying settlement structure but not, on its own, of 
determining the intensity of occupation. 
Measuring the quantity and distribution of artefactual material 
is not, by itself, sufficient to infer prehistoric settlement 
patterns. The rate at which people discard artefacts depends not only 
upon the intensity of their activities but also on the nature of 
their actions, particularly the role of stone artefacts in the 
activity. Activities which do not require artefacts, or which 
'exhaust' them slowly, will produce relatively few archaeological 
artefacts (cf. Ammerman and Feldman 1974; Schiffer 1976). Activities 
which require large numbers of stone artefacts and 'exhaust' them 
rapidly will produce relatively more archaeological artefacts. Thus, 
spatial variations in the density of archaeological artefacts, 
including the presence or absence of sites, may result from 
variations around the landscape in the nature rather than frequency 
of prehistoric activities. Consequently, the reconstruction of the 
prehistoric pattern of settlement from archaeological artefacts 
requires some assessment of geographic variations in artefact 
function, rate of use, and rate of discard during prehistoric 
activities. This information can be obtained from study of the 
morphology of artefacts found in different locations. 
One further factor complicates the study of prehistoric 
settlement, namely the processes which act upon artefacts to form the 
archaeological record. Foley (1981a:ll), following Isaac (1972), 
Schiffer (1976) and others, recognized two categories of sites: 
behavioural and geomorphological. Behavioural sites are those 
concentrations of artefacts which result primarily from the discard 
of artefacts, with the material largely remaining in the positions in 
which they were discarded. Geomorphological sites are those clusters 
of artefacts which result from the concentrating effects of natural 
erosional mechanisms, with the material largely moved from the 
positions in which they were discarded. Although this division 
emphasises the fact that not all clusters contain information about 
the concentrating effects of prehistoric human spatial behaviour 
these categories are extremes at either end of a continuum. Most 
behavioural sites, while retaining some information about the 
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location of prehistoric activities, have undergone post-depositional 
transformations of artefact position (cf. Binford 1983:229-241). 
Moreover, artefactual material outside sites is equally subject to 
vertical and horizontal reorganization in some geomorphic contexts. 
Thus even in discussions of activity location, it is necessary to 
consider the different degrees to which the landscape has been 
affected by taphonomic processes. 
At Lawn Hill, settlement patterns were examined to determine the 
degree to which various environmental factors affected the 
structuring and quantity of prehistoric activities. Within any single 
environment, human spatial behaviour may involve repeated visits to 
some places and short-term unrepeated visits to others. Studying the 
reasons why one location is repeatedly visited and another is not, is 
most simply accomplished by applying the site/background division. In 
examining the effect of the environment on activity location, it is 
equally important to measure the location and density of the 
background scatter as well as sites, since both result from human use 
of the landscape. Indeed, the more wide spread and lower density 
background scatter may be a more sensitive indicator of variations in 
the prehistoric location of activities. It is also possible that the 
factors affecting the location of sites differ from those which cause 
variations in structure of the background scatter. Thus at Lawn Hill, 
all artefacts, those outside clusters as well as those in them, were 
examined to obtain information on the prehistoric pattern of 
settlement, but the concepts of sites and background scatter were 
retained to indicate the structure of the settlement pattern. 
Variations in the nature of activities and the rate of artefact 
discard relative to activity levels were examined by observations of 
assemblage content. The effects of taphonomic processes on the 
density and clustering of artefacts were measured by recording 
relevant environmental information and by using only data from 
appropriate landscape contexts. 
Only limited aspects of prehistoric human activity location were 
examined at Lawn Hill. Rock art and faunal remains such as shell 
middens were not investigated. The former invariably occur on the 
rock walls in the south of the study area and the latter along major 
stream lines. The study involved only the distribution of the stone 
component of prehistoric material culture, irrespective of its 
association with art or fauna. 
76 
Chapter 4 
4.2 SURVEY METHODS 
2 
Fifty-eight 1 km units were surveyed. Larger areas would have 
taken too long to survey, and smaller units would have been 
unsuitable because they would be unlikely to contain more than one 
site, or allow sufficient off-site data to be recorded. As Smith 
(1980:80) has pointed out, small units also involve a great deal of 
time in travel between units and in accurately locating their 
2 boundaries. The choice of 1 km as the survey unit had a second 
advantage, namely that the 1:100,000 topographic map of Lawn Hill 
could serve as a ready-made base map. 
Obtaining accurate information on the background scatter 
required relatively intensive field surveys. The size of the field 
crew varied between three and four experienced archaeologists. A 5-
10 m interval was kept between each person as they walked slowly 
across the unit selected for survey. These traverses were undertaken 
2 
at a survey speed of 1-2 km/hr. Each 1 km square was systematically 
examined by a line of people walking from one side to the other in a 
series of strips 15—40 m wide. It usually took about 13 work days to 
cover a survey unit in this way. 
A scatter of artefacts was designated a site when it conformed 
to four criteria. Firstly, the scatter must cover more than 4 m . 
Secondly, the scatter must have an average artefact density of at 
least twice the background density measured for 100-200 m around the 
site. Thirdly, the average density of artefacts at the site must 
2 
exceed 1/3 m . Fourthly, there were a minimum of ten artefacts in the 
scatter. 
These criteria adequately defined the greatest concentrations of 
material in each survey unit. This method of site identification is 
suitable for comparing the preferentially visited locations in each 
environment but is unsuitable for directly comparing the differential 
use of environments by contrasting the number of sites in each. One 
2 
Site may have an average artefact density of 1/m , and yet in a 
different area 5/m might be considered background. These criteria 
also imply that one artefact cannot be considered a site. 
Background density was calculated in two ways. Densities greater 
2 
than 1/2-3 m were measured by stopping every 10 m along a transect 
2 
and counting the number of artefacts in a 1 m area. Between these 
2 
counts the densities were estimated. Densities less than 1/2 m were 
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measured by h a v i n g each member of t h e f i e l d crew c a l l o u t when 
a r t e f a c t s were found. The d e n s i t y was then c a l c u l a t e d from the a rea 
known to have been t r a v e r s e d . For example, i f t h r e e peop le separa ted 
by 10 m i n t e r v a l s walked 30 m and found one a r t e f a c t eve ry 10 m, then 
2 
the d e n s i t y can be c a l c u l a t e d as 1/300 m . 
I n a p p l y i n g t h e s e p r o c e d u r e s i t was n e c e s s a r y t o t a k e i n t o 
a c c o u n t t h e p o t e n t i a l of t a p h o n o m i c p r o c e s s e s t o c r e a t e 
concen t r a t i ons and t o a l t e r the d e n s i t i e s of a r t e f a c t s v i s i b l e on the 
ground su r face . One of the main envi ronmenta l f a c t o r s i n f l u e n c i n g the 
v i s i b i l i t y of a r t e f a c t s i s the ex t en t t o which t h e ground sur face i s 
covered by v e g e t a t i o n . Although the amount of v e g e t a t i o n cover was 
v a r i a b l e throughout t he r e g i o n , g e n e r a l l y t h e c o v e r was e x t r e m e l y 
sparse due to the f o r t u n a t e co inc idence of a major drought dur ing the 
y e a r s i n which t h e s u r v e y s were u n d e r t a k e n . Much of t h e p l a t e a u i n 
t h e s o u t h c o n s i s t e d of b a r e l i m e s t o n e , and o n l y s m a l l p a t c h e s of 
s k e l e t a l s o i l a few metres ac ross conta ined g r a s s . 
V e g e t a t i o n c o v e r was much more v a r i a b l e i n t h e g o r g e s y s t e m s . 
Along t h e c r e e k b a n k s , w i t h i n 1-2 m of pe rmanen t w a t e r , v e g e t a t i o n 
was ex t remely dense. Fur the r from wate r , on h igh l e v e e banks and on 
sc ree s l o p e s border ing the gorges , v e g e t a t i o n cover r a r e l y exceeded 
30-40Z and was of ten much l e s s . 
On t h e p l a i n s t o t h e n o r t h , v e g e t a t i o n c o v e r i n most p l a c e s 
v a r i e d be tween OZ and 25Z, and a v e r a g e d o n l y 5-lOZ. E x c e p t i o n s t o 
t h i s p a t t e r n occurred i n two s i t u a t i o n s . F i r s t l y , i n s m a l l pa tches of 
t r e e s , l e a f l i t t e r covered 35-60Z of t he ground su r f ace . Such wooded 
a reas g e n e r a l l y occurred on ly a long creek l i n e s . Secondly, i n reg ions 
of b l a c k s o i l i n t h e n o r t h e a s t e r n c o r n e r of t h e s t u d y a r e a , 
v e g e t a t i o n cover f r e q u e n t l y ranged from 20Z t o 70Z. 
Vege ta t ion cover on t he mesas p r o t r u d i n g from the p l a i n u s u a l l y 
r a n g e d from 0-25Z, a v e r a g i n g a b o u t lOZ, and c o n s i s t e d m o s t l y of 
s p i n i f e x . Scree s l o p e s tended t o have ve ry l i t t l e cove r , but on the 
f l a t t o p s of o u t l i e r s , s p i n i f e x somet imes c o v e r e d up t o 40Z of t h e 
ground s u r f a c e . 
Perhaps the most impor tant env i ronmenta l f a c t o r c o n d i t i o n i n g the 
d i s c o v e r y of a r t e f a c t s i s t h e n a t u r e and e x t e n t of e r o s i o n and 
s e d i m e n t a t i o n . Some p o r t i o n s of t h e s t u d y a r e a , e s p e c i a l l y t h e 
p l a t e a u i n t h e s o u t h and t h e mesas and g i b b e r p l a i n s i n t h e n o r t h , 
h a v e had no a c c u m u l a t i o n of s e d i m e n t d u r i n g t h e H o l o c e n e . I n some 
i n s t a n c e s t h e s e l a n d - s u r f a c e s h a v e been s t a b l e and a r t e f a c t s a r e 
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found o n l y on t h e s u r f a c e , n e v e r embedded i n t h e g round . I n o t h e r 
in s t ances the l a n d - s u r f a c e has g r a d u a l l y eroded, l e a v i n g a r t e f a c t s 
as a l a g upon bedrock or indura ted sediments . 
Sedimentat ion occurred i n o the r p a r t s of the study a rea but was 
slow and the Holocene i s o f ten r ep resen ted by on ly 50-100 cm or l e s s 
of a c c u m u l a t e d s e d i m e n t . Numerous s e a s o n a l w a t e r c o u r s e s p r o v i d e 
sec t ions through these sediments and a s s o c i a t e d sheet e ros ion r e s u l t s 
i n widespread exposure of a r t e f a c t s . Since i n most p l a c e s the cover 
of recen t sediments i s t h i n , t hese patches of eroded ground prov ide 
an e x c e l l e n t c o n t r o l over the ex ten t to which bur ied a r t e f a c t s a re 
hidden from view. Consequently, the gene ra l p r i n c i p l e used to i n f e r 
the q u a n t i t y of a r t e f a c t s d i sca rded p r e h i s t o r i c a l l y was t h a t d e n s i t y 
was b e s t a p p r o x i m a t e d by t h e maximum d e n s i t y found i n t h e a r e a of 
b e s t e x p o s u r e . With t h e e x c e p t i o n of c o n d i t i o n s where l a g g i n g 
p roduces c o n c e n t r a t i o n s , t h i s p r i n c i p l e s h o u l d r e s u l t i n u s e f u l 
e s t i m a t e s . E s t i m a t e s made i n t h i s way were o f t e n t e s t e d by s i e v i n g 
smal l q u a n t i t i e s of sediment i n a reas wi thout e x t e n s i v e e ros ion . 
In the n o r t h - e a s t of the study a rea , b l a c k s o i l p l a i n s p resen t 
a s e t of geomorphic s i t u a t i o n s which combine t o p r o d u c e major 
d i f f i c u l t i e s for i n t e r p r e t a t i o n s of p r e h i s t o r i c behaviour . On these 
f l a t p l a i n s t h e r e a re few eroded a r e a s . Seasonal we t t i ng and drying 
l e a d s t o t h e o p e n i n g and c l o s i n g of c r a c k s and t o t h e f o r m a t i o n of 
g i l g a i f e a t u r e s . Both of t h e s e mechanisms r e s u l t i n t h e b u r i a l and 
s i ze s o r t i n g of a r t e f a c t s . One i m p l i c a t i o n of t he se processes i s t h a t 
i t i s of ten imposs ib le to o b t a i n an accu ra t e e s t ima te of the number 
of p r e h i s t o r i c a r t e f a c t s which were d i sca rded . Data from such a reas 
were not used i n r e c o n s t r u c t i n g a c t i v i t y l o c a t i o n s . 
Thus, a t a l a r g e s c a l e , the e f f e c t s of taphonomic processes on 
t h e l o c a t i o n of a r t e f a c t s can be a s s e s s e d a t Lawn H i l l . Excep t i n 
b l a c k s o i l a r e a s , v e g e t a t i o n c o v e r and e r o s i o n was r e l a t i v e l y 
un i fo rm t h r o u g h o u t t h e s t u d y a r e a a t t h e t i m e of t h e s u r v e y . 
Moreover, v e g e t a t i o n cover was uni formly low and, a l t hough v a r i a b l e , 
t h e e x p o s u r e of o l d s u r f a c e s was s u f f i c i e n t l y w i d e s p r e a d t o a l l o w 
accura te measurements of the d e n s i t i e s of a r t e f a c t s d i sca rded dur ing 
the Holocene. Black s o i l a r eas were not i nc luded i n the i n v e s t i g a t i o n 
because of t h e i r taphonomic problems. Although t h e r e were o the r a reas 
w i t h h i g h v e g e t a t i o n c o v e r and a l a c k of e x p o s u r e , t h e y were o n l y 
l o c a l i z e d and s m a l l s c a l e d i s c r e p a n c i e s which do n o t p r e v e n t 
i n t e r p r e t a t i o n of r e g i o n a l p a t t e r n s . 
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4 .3 RESULTS 
AGE OF ARTEFACTS 
Humans have occupied cave s i t e s i n the Lawn H i l l a r ea for more 
t h a n 20 ,000 y e a r s (Hiscock 1984a) . A r t e f a c t s found i n t h e s e c a v e s 
i n d i c a t e t h a t i n b o t h t h e P l e i s t o c e n e and t h e H o l o c e n e , p e o p l e 
e x p l o i t e d the p l a i n s as w e l l as the gorges and t a b l e l a n d s . Despi te 
t h i s , no e a r l y open s i t e s h a v e been found. The edge of t h e p l a t e a u 
con ta ins a number of open s i t e s r e f l e c t i n g r e l a t i v e l y s p e c i a l i z e d 
a c t i v i t i e s such as q u a r r y i n g or s eed g r i n d i n g . These s i t e s l i e on 
b e d r o c k or on t h e s u r f a c e of t h i n s k e l e t a l s o i l s i n u n d a t e a b l e 
c o n t e x t s . A v a r i e t y of open s i t e s were found w i t h i n t h e g o r g e s of 
Lawn H i l l , C o l l e s s and Louie Creeks. These s i t e s were i d e n t i f i e d by 
sur face s c a t t e r s of s tone a r t e f a c t s and f reshwater mussel s h e l l on 
t h e c r e e k banks and on l e v e e banks up t o 3 m h i g h . S e v e r a l of t h e s e 
s i t e s have been excava ted , and the o l d e s t r ad ioca rbon d a t e which has 
been o b t a i n e d i s 4,360 _+ 100 y e a r s BP (SUA 1878) a t a d e p t h of 1.2 m, 
i n d i c a t i n g t h a t l a r g e amounts of sediment were depos i t ed dur ing the 
l a t e Holocene. The l i k e l i h o o d of f ind ing o l d e r sediments exposed i n 
t he se geomorphic s i t u a t i o n s i s ve ry low. 
W i t h i n t h e go rge sy s t ems t h e l a c k of o l d e r s i t e s may be a 
product of the sedimentary con tex t ; but on t he p l a i n t h i s i s not the 
c a s e . A r t e f a c t s found i n t h e open s i t e s on t h e p l a i n i n d i c a t e d a t e s 
no o l d e r t h a n 4 , 0 0 0 - 5 , 0 0 0 BP. ' I m p l e m e n t t y p e s ' t y p i c a l l y found 
e l sewhere on ly i n l a t e Holocene c o n t e x t s , such as backed b l a d e s and 
u n i f a c i a l p o i n t s , occur a t many s i t e s . P o s t - c o n t a c t m a t e r i a l , such as 
m e t a l s p e a r p o i n t s and f l a k e d g l a s s , a l s o o c c u r s a t a number of 
s i t e s . The i m p r e s s i o n s g a i n e d from t h e c u l t u r a l m a t e r i a l a r e 
r e in fo rced by the s t r a t i g r a p h i c con tex t of s i t e s . The v a s t ma jo r i ty 
of a r c h a e o l o g i c a l s i t e s occur on or immedia te ly below the sur face of 
l a t e Holocene a l l u v i a l sediments . I n c o n t r a s t . P l e i s t o c e n e sediments 
a r e exposed a t a number of l o c a t i o n s , but no a r t e f a c t s were found i n 
them. 
I t seems l i k e l y t h a t v i r t u a l l y a l l t h e a r t e f a c t s d i scussed i n 
t h i s c h a p t e r d a t e t o t h e l a s t 5000 y e a r s . D a t i n g t h e s e open s i t e s 
c a n n o t be more p r e c i s e a t t h e moment. T h i s d e g r e e of c h r o n o l o g i c a l 
r e s o l u t i o n p r e s e n t s no d i f f i c u l t i e s b e c a u s e t h e p a t t e r n s unde r 
d i s c u s s i o n would o n l y be b u i l t up over a long per iod of t ime. 
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PRIMARY FACTORS AFFECTING ACTIVITY LOCATION 
Hunter-gatherer economies are too diverse for all activities to 
be located near any single environmental resource. Nevertheless, some 
resources will be much more economically important than others. When 
large quantities of archaeological debris are in close proximity to 
one or more environmental features it can be suggested that those 
features are the primary environmental factors attracting human 
activities. Throughout the study area there are two primary factors 
which determine the location of archaeological debris: permanent 
water and stone raw materials used for artefact manufacture. The 
relationship between prehistoric artefacts and these two factors can 
be described in a number of ways. One measure is the location of 
sites within the landscape. Sixty two concentrations of artefacts 
were defined as sites in the 58 survey units. 
Survey units near stone quarries more frequently contained sites 
than survey units far from quarries (Table 4:1). This pattern also 
holds for survey units near to permanent water (Table 4:1). Chi-
square tests show that this pattern is significantly different from 
one based on the number of units surveyed at particular distances 
from stone and water sources (Tables 4:2-4). Furthermore, of the 
survey units containing sites, those closest to a stone quarry had 
the greatest maximum density of sites (Figure 4:1). 
Most of the 62 sites are located close to these primary factors 
(Table 4:5). Over 80Z of all sites were within 3 km of a stone 
quarry, 80Z of sites were within 3 km of permanent water, and all 
sites were within 3 km of either permanent water or a quarry. Even 
these figures do not fully reveal the close relationship between site 
frequency and permanent water or stone quarries. Table 4:6 
demonstrates that the vast majority of sites within one kilometre of 
these environmental features actually occur within 200 metres of 
these features. Given the scarcity of permanent water and of stone 
suitable for quarrying within the study area the strong association 
with sites is meaningful. 
Not all activities were carried out on sites and hence not all 
artefacts were discarded on sites. Density of the background scatter 
of artefacts varied with proximity to quarries and permanent water. 
Figure 4:2 shows the relationship between background density and 
distance from the nearest quarry for 20 survey units. In this Figure, 
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the average and range of artefact densities in each survey unit are 
plotted. Within those units less than 2 km from a quarry a distinct 
negative trend is observable, where the highest values consistently 
come from areas relatively close to the raw material source. In those 
units further than 2 km such from a quarry consistent trends are 
rarely observable. When all of the survey units are considered 
together a distinct negative relationship emerges. This inverse 
relationship between background artefact densities and distance from 
raw material source is illustrated in Figure 4:2 by broken lines 
which envelope all of the recorded data. Thus the general pattern of 
background scatter at Lawn Hill is one of fewer artefacts at greater 
distances from sources of flakeable stone. 
The background scatter of artefacts also varied with the access 
to permanent water. Figure 4:3 shows the relationship between 
background density and distance from the nearest permanent water for 
20 survey units. Maximum densities decline with increasing distance 
from the water source. Furthermore, away from permanent water the 
variation within any survey unit is smaller than near permanent 
water, reflecting the absence of landscape features at which artefact 
discard was focused. 
Variation in the quantity of artefacts found throughout the 
study area can also be expressed by calculating the number of 
artefacts per square kilometre. Figure 4:4 plots for 20 survey units 
the relationship between the number of artefacts per square kilometre 
and the distance from a quarry. All but three survey units indicate a 
near exponential negative relationship, shown by stippling in Figure 
4:4. The three exceptions are units relatively far from stone 
resources and the permanent rivers, but which contain permanent point 
sources of water (springs or waterholes). No other permanent water 
sources are available within 5 km of these units, and the unusually 
high numbers of artefacts probably result from the use of these oases 
in preference to the surrounding region. 
Figure 4:5, which plots the number of artefacts per square 
kilometre against distance from permanent water, also shows a near 
exponential negative relationship for all but three survey units. In 
this case each of the three units not conforming to an exponential 
relationship contains a greywacke quarry. The availability of 
greywacke presumably acted as a focus for prehistoric activities in 
an area which would otherwise have attracted less activity. 
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These except ions emphasise the f ac t t h a t a l though a r c h a e o l o g i c a l 
m a t e r i a l s a r e s p a t i a l l y a s s o c i a t e d w i t h b o t h pe rmanen t w a t e r and 
f l a k e a b l e s t o n e m a t e r i a l s , n e i t h e r of t h e s e f a c t o r s a l o n e 
c o m p r e h e n s i v e l y e x p l a i n s t h e q u a n t i t y of a r c h a e o l o g i c a l r e s i d u e s . 
T o g e t h e r , however , t h e s e two p r i m a r y f a c t o r s a p p e a r t o be t h e main 
environmental de terminants of a r t e f a c t d i s c a r d l o c a t i o n (Figure 4:6). 
The e x t e n t t o which a c t i v i t y l o c i ( s i t e s ) p r o t r u d e from t h e 
background d e n s i t y i s d e p e n d e n t on t h e r e l a t i o n s h i p of t h e o n - s i t e 
resources to the o f f - s i t e r e s o u r c e s , and i n p a r t i c u l a r i t depends on 
the a v a i l a b i l i t y of water and s tone r e sou rces . When o n - s i t e resources 
are more p l e n t i f u l than o f f - s i t e r e s o u r c e s , the d e n s i t y of a r t e f a c t s 
on the s i t e i s very high r e l a t i v e to the background s c a t t e r (Figures 
4:7 and 4 :8 ) . On t h e o t h e r hand, when t h e o n - s i t e r e s o u r c e s a r e 
s i m i l a r t o the resources a v a i l a b l e o f f - s i t e the d e n s i t y of a r t e f a c t s 
i n the background i s r e l a t i v e l y h igh, and consequent ly the s i t e s a re 
l e s s p ronounced ( F i g u r e s 4:9 and 4 :10 ) . Thus, when w a t e r or s t o n e 
resources occur on ly a t one po in t the a r t e f a c t d i s c a r d behaviour i s 
focused a t t h a t p o i n t ; b u t when t h o s e r e s o u r c e s a r e w i d e s p r e a d t h e 
p r e h i s t o r i c behaviour i s l e s s focused and the r e s u l t a n t s i t e i s l e s s 
pronounced r e l a t i v e to the background s c a t t e r . 
These p a t t e r n s of a r t e f a c t l o c a t i o n migh t be e x p l a i n e d by 
arguing t h a t a l though the i n t e n s i t y of a c t i v i t i e s was l a r g e l y uniform 
across the landscape , the p r o b a b i l i t y of a r t e f a c t s b e i n g d i s c a r d e d 
was h i g h e r i n some p l a c e s t h a n i n o t h e r s . I f t h i s were t h e c a s e i t 
can be s u g g e s t e d t h a t t h e l i k e l i h o o d of a r t e f a c t s b e i n g d i s c a r d e d 
v a r i e s w i t h t h e l e n g t h of t i m e t h e y a r e r e t a i n e d i n t h e s y s t e m i c 
context and the time people spent a t any s i n g l e l o c a t i o n . The l a r g e 
numbers of a r t e f a c t s on or near q u a r r i e s probably r e s u l t s from t h e i r 
s h o r t l i f e s p a n s : t h e y were m a n u f a c t u r e d i n l a r g e q u a n t i t i e s and 
discarded immediately. Quarr ies a t Lawn H i l l g i v e no i n d i c a t i o n of 
i n t ense or d i v e r s e a c t i v i t i e s . No c u l t u r a l d e b r i s o the r than s tone 
a r t e f a c t s was found a t t h e q u a r r i e s and t h e r e were few r e t o u c h e d 
f l a k e s and no macroscopic s igns of use-wear were observed. No axes or 
g r i n d s t o n e s , common on o t h e r s i t e s , were found a t t h e q u a r r i e s . 
In a d d i t i o n , a t the grejrwacke q u a r r i e s i n the n o r t h of the s tudy area 
t h e s t o n e w e a t h e r s q u i c k l y , l e a v i n g a r t e f a c t s m a n u f a c t u r e d a t 
d i f f e r e n t t imes wi th d i f f e r e n t s t ages of wea ther ing , i n d i c a t i n g t h e i r 
n o n - c o n t e m p o r a n e i t y . On any p o r t i o n of t h e s e s i t e s o n l y a s m a l l 
p ropor t ion of the a r t e f a c t s a r e contemporary, and knapping l o c a t i o n s 
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c o n s i s t i n g of c l e a r l y contemporary r e d u c t i o n sequences c o n t a i n o n l y a 
few hundred a r t e f a c t s . These da ta suggest t h a t t he l a r g e q u a n t i t y of 
a r t e f a c t s found a t or near q u a r r i e s p robab ly r e s u l t e d from occas iona l 
a c t i v i t i e s o v e r a l o n g p e r i o d of t i m e , b u t e a c h v i s i t c r e a t e d an 
abundance of d e b r i s r e l a t i v e t o a c t i v i t i e s of s i m i l a r d u r a t i o n a t 
o the r p a r t s of the landscape . 
Away from the quar ry , the e f f o r t i n v o l v e d i n t r a n s p o r t i n g lumps 
of s t o n e migh t h a v e r e s u l t e d i n a g r e a t e r r e t i c e n c e t o t h r o w away 
a r t e f a c t s , l e a d i n g t o t h e n e g a t i v e r e l a t i o n be tween t h e number of 
a r t e f a c t s d i sca rded and the d i s t a n c e t o t he quar ry (Figure 4:4). Such 
i n c r e a s e d " v a l u e " of t h e s t o n e a r t e f a c t s s h o u l d be r e f l e c t e d i n 
changes i n a s s e m b l a g e c o m p o s i t i o n , an i s s u e d e a l t w i t h i n t h e n e x t 
c h a p t e r . 
A r t e f a c t s which were r e t a i n e d and e x t e n s i v e l y t r a n s p o r t e d by 
humans were p robab ly used a t or near permanent water and would of ten 
have been a t those l o c a t i o n s a t the end of t h e i r u s e l i f e , r e s u l t i n g 
i n more of them being d i sca rded near permanent water than away from 
i t . A r t e f a c t s migh t h a v e been l e f t n e a r pe rmanen t w a t e r when t h e i r 
u s e l i f e ended f o r two r e a s o n s . P r e h i s t o r i c humans may h a v e l e f t 
a r t e f a c t s n e a r pe rmanen t w a t e r f o r much of t h e t i m e , o n l y c a r r y i n g 
them away when p a r t i c u l a r a c t i v i t i e s were plaiuied and r e t u r n i n g them 
t o p l a c e s near permanent water a f t e rwards . A l t e r n a t i v e l y , a c t i v i t i e s 
c a r r i e d out near permanent water might have been d i f f e r e n t from those 
c a r r i e d o u t e l s e w h e r e and t h e p r o b a b i l i t y of a r t e f a c t s b e i n g 
d i sca rded might be h igher for a c t i v i t i e s a s s o c i a t e d w i t h pe rmanen t 
water . La ter i n t h i s chapter da ta a r e p re sen ted t o sugges t t h a t t h i s 
second mechanism worked on a t l e a s t one component of t h e a r t e f a c t 
assemblage. 
A second p o t e n t i a l e x p l a n a t i o n of t h e s e a r t e f a c t d i s t r i b u t i o n s 
i s t h a t a r t e f a c t d i s c a r d around the l andscape was l a r g e l y random but 
t h a t t h e i n t e n s i t y of a c t i v i t i e s v a r i e d t h r o u g h o u t t h e s t u d y a r e a . 
As a consequence, where peop le spent t he most t ime they d i sca rded the 
most a r t e f a c t s , and a r e a s w i t h few a r t e f a c t s r e f l e c t r e l a t i v e l y 
l i t t l e p r e h i s t o r i c a c t i v i t y . I f t h i s were t h e c a s e , t h e r e a r e good 
e c o l o g i c a l r e a s o n s why o c c u p a t i o n (and h e n c e a r t e f a c t s ) s h o u l d be 
c o n c e n t r a t e d n e a r t o q u a r r i e s and p e r m a n e n t w a t e r . Both w a t e r and 
s t o n e a r e c o s t l y r e s o u r c e s . That i s , t h e y a r e e n e r g y - e x p e n s i v e t o 
t r a n s p o r t i n t h e q u a n t i t i e s a p p a r e n t l y u s e d by h u n t e r - g a t h e r e r s 
l i v i n g i n i n l a n d A u s t r a l i a (Smi th 1 9 8 6 b : 2 9 , 31) . Water i s t h e 
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c r i t i c a l r e s o u r c e i n an a r i d r e g i o n b e c a u s e mammals such as humans 
need to r e p l a c e l o s t water f a i r l y c o n s t a n t l y . Although the se has been 
some b i o l o g i c a l a d a p t a t i o n of modern A b o r i g i n a l s t o h o t , d ry 
c l i m a t e s , w a t e r r ema ins t h e most v i t a l of human needs (cf . K i r k 
1981 :158-164) . Th is p i c t u r e of w a t e r dependence i s m i r r o r e d i n 
ethnographic records around the world. In a c r o s s - c u l t u r a l study of 
t h e e t h n o g r a p h i c l i t e r a t u r e , J o r d a n (1979:235-239) found t h a t t h e 
movements of human g roups i n b o t h a r i d and t r o p i c a l s a v a n n a 
environments was mainly determined by the a v a i l a b i l i t y of water . A 
number of e a r l y e t h n o g r a p h e r s and more r ecen t e t h n o - a r c h a e o l o g i s t s 
working i n a r i d and no r the rn A u s t r a l i a have noted the e f f e c t of water 
i n d e t e r m i n i n g s e t t l e m e n t p a t t e r n s (eg . A l l e n 1972, 1974; Gould 
1969a, 1971, 1977a, 1977b, 1980:87). 
I t i s l i k e l y t h a t the r e l a t i o n s h i p between a r t e f a c t d i s t r i b u t i o n 
and permanent w a t e r or s t o n e q u a r r i e s r e s u l t e d from t h e combined 
e f f ec t s of these mechanisms. The l a r g e q u a n t i t i e s of a r t e f a c t s , both 
on and off s i t e s , which occu r n e a r pe rmanen t w a t e r and q u a r r i e s 
s u g g e s t t h a t g r e a t e r a m o u n t s of p r e h i s t o r i c a c t i v i t i e s were 
a s s o c i a t e d w i t h t h o s e r e s o u r c e s t h a n w i t h o t h e r s . P o s i t i v e 
r e l a t i o n s h i p s be tween t h e p r i m a r y f a c t o r s and t h e e x i s t e n c e and 
f r e q u e n c y of s i t e s i n d i c a t e s c o n t i n u e d and r e l a t i v e l y i n t e n s e r e -
occupation of those p r e f e r r e d l o c a t i o n s . Increased p r o b a b i l i t i e s of 
a r t e f a c t d i s c a r d a t l o c a t i o n s n e a r q u a r r i e s and pe rmanen t w a t e r 
probably exaggerate the a r c h a e o l o g i c a l evidence for d i f f e r e n t i a l use 
of the p r e h i s t o r i c landscape . 
SECONDARY FACTORS AFFECTING ACTIVITY LOCATION 
W i t h i n an a r e a which has u n i f o r m r e l a t i o n s h i p s t o pe rmanen t 
water and s tone sources , a r t e f a c t s a re s t i l l l o c a t e d more f r e q u e n t l y 
i n some s p o t s t h a n o t h e r s . Thus t h e r e i s a s e r i e s of s e c o n d a r y 
f ac to r s which a f f e c t the choice of ' d i s c a r d l o c i ' . These f a c t o r s on ly 
become o b v i o u s when more t h a n one p o i n t i n an a r e a has i d e n t i c a l 
access t o the two primary envi ronmenta l f a c t o r s a f f e c t i n g a c t i v i t y 
l o c a t i o n . 
Secondary f a c t o r s a r e apparent i n the l o c a t i o n of s i t e s d i s t a n t 
from permanent water and s tone q u a r r i e s . E leven s i t e s were d i scove red 
more than 1 km from e i t h e r permanent water or s tone . Only one (9Z) of 
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these sites was located on a flat plain with no association with 
prominent topographic features, despite the fact that most of the 
study area consists of such locales. This site was a knapping floor, 
consisting of thirty flakes scattered over 5 m , and since it was one 
of the smallest sites recorded it probably represents a relatively 
minor quantity of occupation. Four (36Z) of the eleven sites were 
situated on the banks of major seasonal creeks. Five (46Z) of these 
sites were located in caves in the Mt Jennifer outlier, approximately 
2 km from a major seasonal creek and a greywacke quarry. The eleventh 
site (9Z) was perched on the edge of the scarp which marks the 
northern limits of the tableland. With the exception of the one 
knapping floor, these sites were located either adjacent to major 
seasonal water sources or in sheltered positions on rocky outcrops 
with excellent views of the surrounding landscape. 
Background artefact densities also rose distinctly near seasonal 
creeks and caves. Figures 4:11 and 4:12 show two transects across 
major seasonal creeks. All points along the transects have equal 
access to the primary factors, and changes in background densities 
therefore reflect secondary factors. In both of the transects, 
densities are highest in the vicinity of major seasonal watercourses. 
These patterns are not a product of differential exposure of 
sediments since in both transects the most eroded areas are away from 
the major creek line. Extensive sheet and gullying erosion along 
small tributaries of the major seasonal creeks have exposed 
Pleistocene sediments. If large numbers of artefacts had originally 
been buried they would have formed a dense lag of artefacts on these 
eroded surfaces. Such lags were not found. Indeed, artefact densities 
remain much lower on these eroded surfaces than on the less eroded 
creek banks. This pattern is frequently duplicated along seasonal 
creeks, indicating that they are a secondary factor influencing 
artefact discard. Similar increases in the background density occur 
near caves, suggesting that they too are secondary factors in the 
location of activities (Figure 4:13). 
Close to permanent water or stone quarries, secondary factors 
are reflected in the choice of site positions from among a large 
number of possible locations. For example, along the bank of a 
permanent river such as Lawn Hill Creek all points are near water but 
only a small number contain sites. Surface sites along Lawn Hill, 
Colless and Louie Creeks are commonly situated on high levee banks. 
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above the reach of minor flooding, mosquitoes and crocodiles. This 
pattern at least partly reflects taphonomic processes since material 
on the lower banks is frequently removed or buried by flooding. There 
are, however, some indications that the pattern may reflect 
differential use of creek banks. Excavations of low banks in two 
locations along Lawn Hill Creek yielded distinctly lower densities of 
artefacts than on nearby high levee banks. 
Other environmental phenomena which might be secondary factors 
are more difficult to demonstrate. For example, scree slopes rarely 
contain large numbers of artefacts, although high densities occur 
immediately outside some caves and occasionally at breaks in slope. 
In the latter situation, increased artefact discard may indicate a 
preference for flat areas, for the finer sediments which accumulate 
there, for the trees which grow in those sediments, or some 
combination of these factors. Equally difficult to discern are 
environmental parameters affecting activity location along permanent 
and seasonal creeks. Although water is available at all points along 
permanent streams, access to this water is sometimes limited by steep 
banks, vertical cliffs or dense pandanus thickets. Along seasonal 
creeks there are also high, steep banks which may make access to the 
creek bed difficult, but there are also differences in the 
availability of water during the dry season, with waterholes and 
subsurface groundwater traps occurring at some places in the creek 
bed and not at others. Thus, differential access to water might 
explain the differential use of the bank along any creek. Other 
environmental features might also affect activity location along 
creek banks. For example, shade and food resources provided by plants 
change along most creeks. 
The interplay of these 'secondary* preferences varies across the 
Lawn Hill region. Preference for caves is not manifest on a flat 
plain without caves, nor do seasonal tributaries have a noticeable 
effect on activity location where they join a permanent stream. In 
these ways, the effects of secondary factors are masked in some 
contexts, especially in close proximity to the primary factors. 
Nevertheless, both close to and distant from quarries and permanent 
water, much of the minor variation in site location and density of 
the background scatter is a response to the distribution of secondary 
environmental features. 
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TERTIARY FACTORS AFFECTING ACTIVITY LOCATION 
Even w i t h i n t h e s e s e c o n d a r y f a c t o r s t h e r e a r e s e l e c t i o n s f o r 
s i t e l o c a t i o n . These s e l e c t i o n s a r e here termed ' t e r t i a r y f a c t o r s ' . 
The e x i s t e n c e of t h e s e f a c t o r s can be i l l u s t r a t e d by t h e f a c t t h a t 
w h i l e caves a re g e n e r a l l y p r e f e r r e d l o c a t i o n s of h a b i t a t i o n , not a l l 
caves /overhangs con ta in a r t e f a c t s . To de f ine t he r u l e s t h a t ope ra t e 
i n c a v e s e l e c t i o n a number of s h e l t e r s were examined a t a l a r g e 
o u t l i e r i n t h e n o r t h of t h e s t u d y a r e a and a t Lou ie Creek Gorge i n 
t h e s o u t h . I n each of t h e s e two a r e a s a l l of t h e s h e l t e r s had t h e 
same access to permanent and seasona l wa te r , s tone raw m a t e r i a l s , and 
v e g e t a t i o n zones. S h e l t e r s i n t he Mt J e n n i f e r O u t l i e r a r e 3-4 km from 
permanent water , and 2 km from seasona l water and the n e a r e s t quar ry 
(g r eywacke ) . S h e l t e r s a l o n g Lou ie Creek a r e a l l w i t h i n 100 m of 
pe rmanen t w a t e r and 500 m of a c h e r t s o u r c e . Thus , d i f f e r e n t i a l 
a c c e s s t o r e s o u r c e s i s n o t a v i a b l e e x p l a n a t i o n a s t o why some 
s h e l t e r s were o c c u p i e d and o t h e r s were n o t . The a l t e r n a t i v e 
e x p l a n a t i o n i s t h a t i n t r i n s i c p r o p e r t i e s of t he s h e l t e r s themse lves 
in f luenced p r e h i s t o r i c s i t e s e l e c t i o n . 
The 60 m h i g h Mt J e n n i f e r mesa i s 4 km s o u t h of t h e Lawn H i l l 
Homestead. The e a s t e r n p a r t of t h e mesa has a 20-40 m h i g h s c r e e 
s l o p e t o p p e d by a c l i f f l i n e , and a number of s m a l l c a v e s and 
o v e r h a n g s r e s u l t from c a v e r n o u s w e a t h e r i n g a t t h e j u n c t i o n of t h e 
c l i f f s and t h e s c r e e s l o p e . Three k i l o m e t r e s of c l i f f l i n e were 
examined and a l l overhangs and caves w i th a f l o o r a rea g r e a t e r than 4 
m were recorded. These were des igna ted "PH" l o c a t i o n s , implying t h a t 
they were " p o t e n t i a l l y h a b i t a b l e " (cf. Attenbrow 1982:72). Twenty-one 
PH l o c a t i o n s were r e c o r d e d , b u t o n l y s i x c o n t a i n e d a r t e f a c t s . A 
number of p r o p e r t i e s , such as a s p e c t and f l o o r t y p e , were examined 
for t he s h e l t e r s i n the Mt J e n n i f e r o u t l i e r and i t was concluded t h a t 
they had l i t t l e i f any r o l e i n de termining a c t i v i t y l o c a t i o n (Hiscock 
1984b) . The major way i n which o c c u p i e d s h e l t e r s d i f f e r e d from 
unoccupied s h e l t e r s was i n s i z e . 
S i z e d i f f e r e n c e s be tween t h e s h e l t e r s were most c l e a r l y 
expressed by c a l c u l a t i n g the f l o o r a rea and s h e l t e r volume. Figure 
4:14 p l o t s t he l e n g t h of each s h e l t e r a g a i n s t i t s width . There i s a 
c l e a r d i f f e r e n c e i n f l o o r a r ea s between PH l o c a t i o n s w i th and wi thout 
a r t e f a c t s . A r t e f a c t s were found o n l y i n t h e s i x l a r g e s t s h e l t e r s . 
S h e l t e r s w i t h f l o o r a r e a s of 14 m or l e s s c o n t a i n e d no a r t e f a c t s . 
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The r e l a t i o n s h i p be tween t h e l e n g t h (L) and w i d t h (W) of s h e l t e r s 
which d i f f e r e n t i a t e s unoccupied from occupied PH s h e l t e r s i s g iven by 
the equat ion L=12.4-2.31W ( F i g u r e 4 :14 ) . 
S h e l t e r vo lume i s i l l u s t r a t e d i n F i g u r e 4 : 1 5 , which p l o t s 
average c e i l i n g he igh t aga in s t maximum f l o o r a rea . The r e s u l t i s an 
e x a g g e r a t i o n of t h e p a t t e r n r e v e a l e d i n F i g u r e 4 :14 . S h e l t e r s w i t h 
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volumes l e s s than 30-45 m show no evidence of occupat ion. 
Thus, i t a p p e a r s t h a t A b o r i g i n a l u s e of s p a c e a t t h i s o u t l i e r 
c l e a r l y favoured l a r g e s h e l t e r s . This conc lus ion i s r e in fo rced by the 
r e l a t i o n s h i p between the s i z e of the s h e l t e r and the sur face d e n s i t y 
of a r t e f a c t s . There i s a p o s i t i v e c o r r e l a t i o n of 0.8 be tween f l o o r 
a r e a and a v e r a g e a r t e f a c t d e n s i t y ( F i g u r e 4:16). Volume c o r r e l a t e s 
even more c l o s e l y wi th average a r t e f a c t d e n s i t y , g i v i n g a c o e f f i c i e n t 
of 0.86 ( F i g u r e 4 :17) . 
An examination of 13 PH s h e l t e r s l o c a t e d i n the do lomi te c l i f f s 
of Louie Creek Gorge a l s o i n d i c a t e d t h a t s i z e was the main c r i t e r i o n 
of s h e l t e r occupat ion. Figure 4:18, which i l l u s t r a t e s the v a r i a t i o n 
in the s i z e of s h e l t e r openings by p l o t t i n g en t rance l e n g t h a g a i n s t 
entrance he igh t , shows t h a t on ly the t h r e e l a r g e s t s h e l t e r s conta ined 
a r t e f a c t s . In Figure 4:18 the minimum en t rance dimensions of s h e l t e r s 
c o n t a i n i n g a r t e f a c t s i s g i v e n by t h e e q u a t i o n of t h e l i n e L=10.6-
3.06H where L i s s h e l t e r l e n g t h and H i s s h e l t e r he igh t . None of the 
s h e l t e r s below t h i s l i n e conta ined a r t e f a c t s , but above the l i n e a l l 
of t h e s h e l t e r s c o n t a i n e d a r t e f a c t s . P r e h i s t o r i c humans p r e c i s e l y 
d i f f e r e n t i a t e d between s h e l t e r s which were a c c e p t a b l e for a c t i v i t i e s 
i n which a r t e f a c t s were d i sca rded and those which were not . 
S h e l t e r s i z e and a r t e f a c t d e n s i t y show a s t r o n g p o s i t i v e 
c o r r e l a t i o n i n t h e t h r e e PH l o c a t i o n s which do c o n t a i n a r t e f a c t s . 
Both f l o o r a r e a and s h e l t e r vo lume a r e c o r r e l a t e d w i t h a r t e f a c t 
d e n s i t y a t a c o e f f i c i e n t of 0.99. Thus i n Louie Creek Gorge t h e 
l a r g e r the s h e l t e r the more l i k e l y i t i s t o be a p r e f e r r e d l o c a t i o n 
of a c t i v i t i e s which i n v o l v e d s tone a r t e f a c t s . 
D i s t i n c t c o r r e l a t i o n s between s i t e s i z e and p o p u l a t i o n s i z e have 
been repor t ed for a number of s o c i e t i e s (Hassan 1981:63-75), and have 
been used by a r c h a e o l o g i s t s to i n f e r t he s i z e of p r e h i s t o r i c groups 
occupy ing a s i t e (eg . O d e l l 1 9 8 0 : 4 1 3 - 4 1 4 ; Smith 1982 :115) . These 
o b s e r v a t i o n s g e n e r a l l y i n v o l v e a r t i f i c i a l s t r u c t u r e s and a r e more 
d i f f i c u l t t o a p p l y t o n a t u r a l c a v e s , t h e s i z e of which would n o t 
i m m e d i a t e l y be changed by an i n c r e a s e or d e c r e a s e i n t h e number of 
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occupants . N e v e r t h e l e s s , i f such c o r r e l a t i o n s do e x i s t i n t he use of 
n a t u r a l s h e l t e r s , t h e minimum s i z e of o c c u p i e d PH s h e l t e r s s h o u l d 
r e f l e c t t h e minimum s i z e of g roups u s i n g c a v e s . At t h e Mt J e n n i f e r 
o u t l i e r the minimum s i z e of s h e l t e r s wi th a r t e f a c t s i s 15-25 m , and 
i n Louie Creek Gorge i t i s 9-10 m^. Using Wiessner 's (1974) e s t i m a t e 
of 5.9 m^ of camp a r e a p e r p e r s o n , t h e g roup s i z e u s i n g s h e l t e r s a t 
Mt J e n n i f e r i s 2 . 5 - 4 . 2 p e r s o n s and a t Lou ie Creek 1.7 p e r s o n s . 
Hassan's (1981:69) sugges t ion t h a t the r e l a t i o n s h i p i s an exponen t i a l 
curve g i v e s h igher e s t ima tes of 4—7 persons and 3 persons . C a s t e e l ' s 
(1979) power c u r v e r e l a t i o n s h i p g i v e s e v e n h i g h e r e s t i m a t e s of 7-9 
f o r Mt J e n n i f e r and 7 f o r Louie Creek . These v a r i o u s e s t i m a t e s 
s u g g e s t t h a t minimum group s i z e a t Mt J e n n i f e r was 3—9 and 2—7 a t 
Lou ie Creek. 
There a r e a nximber of r e a s o n s t o doub t t h e u s e f u l n e s s of t h e s e 
e s t i m a t e s a t Lawn H i l l . D e r i v e d from o b s e r v a t i o n s of a r t i f i c i a l 
s t r u c t u r e s a t the basecamps of IKung bushmen i t i s p o s s i b l e t h a t the 
r e l a t i o n s h i p be tween s i t e a r e a and g roup s i z e i s d i f f e r e n t f o r t h e 
n a t u r a l s h e l t e r s a t Lawn H i l l . For e x a m p l e , o c c u p a t i o n need n o t be 
l i m i t e d t o t h e s e s h e l t e r s , b u t migh t e x t e n d o n t o t h e s u r r o u n d i n g 
s c r e e s l o p e . F u r t h e r m o r e , s i n c e some of t h e PH s h e l t e r s wh ich show 
s i g n s of o c c u p a t i o n c o n t a i n o n l y one o r two s t o n e a r t e f a c t s i t i s 
l i k e l y t h a t the na tu r e of occupat ion i s more s p e c i f i c than g e n e r a l 
basecamp a c t i v i t i e s . 
Even i f t he se d i f f i c u l t i e s i n e s t i m a t i n g p r e h i s t o r i c group s i z e 
d i d n o t e x i s t , i t i s d i f f i c u l t t o a c c o u n t f o r t h e s t r o n g p o s i t i v e 
c o r r e l a t i o n s be tween c a v e s i z e and s u r f a c e d e n s i t y i n t h e s e t e r m s . 
Th i s c o r r e l a t i o n s u g g e s t s t h a t t h e l a r g e r t h e c a v e t h e more 
i n t e n s i v e l y i t i s employed for a c t i v i t i e s i n which s tone a r t e f a c t s 
a r e d i s c a r d e d . B i n f o r d (1972a :314-326) has p o i n t e d o u t t h a t one 
i m p l i c a t i o n for such p a t t e r n s i s t h a t sys t ema t i c changes i n s h e l t e r 
m o r p h o l o g y m i g h t a f f e c t t h e n a t u r e of o c c u p a t i o n , c a u s i n g 
c h r o n o l o g i c a l changes i n t h e r a t e of a r t e f a c t d i s c a r d . Smith 
(1982:115) found t h a t such a l t e r a t i o n s t o t h e f l o o r a r e a of Devon 
Downs a c c o u n t e d f o r many of t h e c h r o n o l o g i c a l v a r i a t i o n s i n t h e 
q u a n t i t i e s of a r c h a e o l o g i c a l m a t e r i a l . 
At Lawn H i l l , c a v e s e d i m e n t a t i o n i s v e r y s l o w , l e a d i n g t o 
s h a l l o w d e p o s i t s . Thus the b u i l d - u p of sediments r e s u l t e d i n o n l y a 
v e r y s l o w and m i n i m a l a l t e r a t i o n of s h e l t e r v o l u m e and f l o o r a r e a 
o v e r t i m e . M o r e o v e r , s i n c e t h e s h e l t e r w a l l s a r e v e r y s t a b l e , and 
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usually formed prior to human occupation, the floor areas they 
delimit have remained the same. Indeed, the only noticeable 
alteration to cave morphology after archaeological deposits began to 
accxomulate has been occasional roof fall. Thus, although at Lawn Hill 
spatial variation in the density of artefacts within shelters is 
largely a result of variations in shelter size, chronological 
variations in artefact discard within one site cannot be explained by 
this mechanism. 
4.4 INFERRING SITE FUNCTION(S) 
In discussing possible explanations for the distribution of 
artefacts in the Lawn Hill landscape it was earlier suggested that 
there were variations in the nature of activities which affected the 
likelihood of artefacts being discarded. It was concluded that such 
circumstances might help produce the differences between artefact 
densities found on sites and in the background scatter. Since use-
wear investigations were not carried out in this study the question 
of functional variation was approached by looking at the changes in 
artefact morphology which could be related to use. The tula is one 
artefact type which undergoes extensive retouching and for which a 
connection between artefact morphology and use has been established 
by experiment and ethnographic observation (cf. Hiscock 1988; 
Kamminga 1978, 1982, 1985). Tulas were therefore studied as one 
measure of activity differences around the landscape. 
The manufacture, hafting and use of Tulas was described by a 
number of ethnographers (eg. Cooper 1954; Gould 1971; Home and 
Alston 1924; Mountford 1941; Noone 1943; Roth 1904:20; Spencer and 
Gillen 1927:540; Thomson 1964). Squat flakes with prominent bulbs 
were retouched at the distal margin until the curved retouched edge 
surrounded the bulbar portion of the ventral surface (Alston 
1928:127; Roth 1904:17-20). These flakes were then hafted onto a 
piece of wood with resin; the proximal end of the tula was inserted 
in the resin and the retouched distal end protruded (Home and Alston 
1924:103; Roth 1904). The composite tool was used as a woodworking 
adze or scraper (Home and Alston 1924:103; Roth 1904). When the 
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working edge was b l u n t e d i t was resharpened by aga in r e touch ing the 
d i s t a l end, o f t en when i t was s t i l l ha f ted . 
Archaeo log ica l specimens showing morpho log ica l s i m i l a r i t i e s to 
e thnographic t u l a s have of ten been assumed t o have been manufactured, 
haf ted and used i n the same ways. I f a r c h a e o l o g i c a l specimens a t Lawn 
H i l l a r e made and used i n t h e way e t h n o g r a p h e r s o b s e r v e d t h e n a 
number of a r c h a e o l o g i c a l i m p l i c a t i o n s f o l l o w : 
1. T u l a w i d t h d o e s n o t c h a n g e d u r i n g r e d u c t i o n and 
h e n c e t h e w i d t h of a r c h a e o l o g i c a l s p e c i m e n s r e v e a l s 
in format ion about t he s i z e of f l a k e s i n i t i a l l y s e l e c t e d by the 
knapper for r e touch ing . 
2. Percuss ion l e n g t h g r a d u a l l y dec reases dur ing t h e u s e l i f e 
of the t u l a as i t i s used and resharpened. 
3. Consequently the l e n g t h of an a r c h a e o l o g i c a l t u l a d i v i d e d 
by i t s w i d t h i n d i c a t e s t h e d e g r e e t h a t t h e spec imen h a s been 
reduced (cf. Hiscock 1988). 
Using t h e s e s imple p r i n c i p l e s , the r e d u c t i o n pathway of t u l a s 
can be d e s c r i b e d by p l o t t i n g l e n g t h a g a i n s t w i d t h . As shown i n 
Figure 4:19, when t u l a re touch ing occurs o n l y a t t h e d i s t a l end the 
r e d u c t i o n of any s i n g l e t u l a proceeds from r i g h t t o l e f t , p a r a l l e l to 
the X a x i s . The y v a l u e remains unchanged and i n d i c a t e s t he i n i t i a l 
width of t he f l a k e which was chosen. 
F i g u r e 4:20 shows t h e d a t a from Lawn H i l l p l o t t e d i n t h i s 
manner . Two b o u n d a r i e s a r e c l e a r l y v i s i b l e . The f i r s t b o u n d a r y , 
l a b e l l e d A, runs p a r a l l e l to the x a x i s and i n d i c a t e s t he s e l e c t i o n 
t h r e s h o l d : the width below which f l a k e s were not s e l e c t e d for t u l a s . 
I n t h i s p o p u l a t i o n , a l l t u l a s were o r i g i n a l l y f l a k e s a t l e a s t 2.8 cm 
wide . 
The s e c o n d b o u n d a r y , l a b e l l e d B i n F i g u r e 4 : 2 0 , r u n s 
approximate ly p a r a l l e l t o the y ax i s and i n d i c a t e s an impermeable (or 
d i s c a r d ) t h r e s h o l d , beyond which t u l a s were n o t r e d u c e d . Th i s 
t h r e s h o l d i s not e x a c t l y p a r a l l e l t o the Y a x i s and i n d i c a t e s t h a t 
t h e d i s c a r d t h r e s h o l d i s a c t u a l l y a r a t i o of l e n g t h t o w i d t h . The 
l eng th :wid th r a t i o a t t he d i s c a r d t h r e s h o l d i s 0.35:1 for f l a k e s wi th 
w i d t h s of 5.5 cm, b u t 0 .18 :1 f o r f l a k e s w i t h w i d t h s of 2.8 cm, 
i n d i c a t i n g t h a t f l a k e s wi th s m a l l e r widths were a b l e t o be reduced 
f u r t h e s t . The v a l u e of t he d i s c a r d t h r e s h o l d can be desc r ibed by the 
l i n e W=2L+1.8 where L i s p e r c u s s i o n l e n g t h and W i s w i d t h . Th i s 
d i s c a r d b a r r i e r i s s h a r p l y d e f i n e d by t h e l a r g e number of t u l a s 
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discarded at or immediately before it. Thus, as tulas were reduced 
and reached this barrier, the probability of their being discarded 
increased. This indicates that the material culture system of tulas 
approaching the threshold was increasingly stressed, perhaps because 
it became difficult to retouch or haft the small slugs, or because 
the form became non-functional. 
Not all tulas were reduced until they meet this final discard 
threshold however, and most off-site tulas are larger and less 
reduced than those found on sites. There appears to be a permeable 
threshold between 1.5-3.5 cm in length, at which the likelihood of a 
tula being discarded increases but through which some tulas pass and 
continued to be reduced. This permeable threshold, labelled C in 
Figure 4:20, can be described by the line W=1.4L+0.8. Although 56Z of 
tulas found on sites were reduced beyond this threshold, only 32Z of 
tulas found in the background scatter passed beyond this barrier. It 
is suggested that the increased probability of discard at this 
threshold might be caused by a change in function from dense wood 
adzing to dense wood scraping. Such a change was hypothesised by 
Kamminga (1978:349) on the basis of experimental work. Tulas might 
initially be used for adzing away from sites, then those which are 
suitable might be brought back to sites for the finer finishing jobs. 
This would explain why off-site tulas have larger selective 
thresholds and are less reduced. If this is so, it implies that tulas 
found on sites are functionally different from off-site ones, and 
that they may be more frequently multifunctional due to their 
extended life-spans. In turn this hypothesis implies that in the Lawn 
Hill area, finer wood scraping activities were generally restricted 
to points in the landscape which were repeatedly revisited. These 
suggestions might be tested by use-wear studies. 
4.5 INTER-SITE VARIATIONS 
At Lawn Hill there are distinct differences between sites. Much 
of the variation in site size is related to the proximity of two 
environmental features: permanent water and stone quarries. Figure 
4:21 shows the average area of sites in 24 survey units plotted 
m 
Chapter 4 
against the distance from the nearest source of flakeable stone. 
There is a distinct inverse relationship with most large sites being 
located very near to quarries. In 20 (83Z) of the 24 survey units the 
relationship between site area and proximity to quarries is almost 
exponential, and only in four units did the site area fall above the 
Y=l/x line (Figure 4:21). Sites in each of these four units were 
located directly adjacent to permanent water. Thus larger sites are 
spatially associated only with quarries or permanent water. 
The number of artefacts on each site is also highly dependent 
upon the proximity of one or both primary factors. Figure 4:22 shows 
the relationship between the average number of artefacts on each site 
in 24 survey units and the distance from stone sources. Figure 4:23 
shows the relationship between the estimated total number of 
artefacts on sites in each 1 km survey unit and the distance to 
quarries. These measures show a relationship which is both negative 
and nearly exponential for 20 of the 24 units. Again, the four 
survey units which do not show this relationship are associated with 
permanent water. Thus, sites near stone quarries or permanent water 
are not only larger in area than sites far from those resources, they 
also have higher numbers of artefacts. 
In view of the strong relationships between site location and 
site size it might be expected that assemblage composition was 
similarly affected by location within the landscape. Table 4:7 
presents the range of values for seven characteristics of artefact 
assemblages from sites associated with the various water sources and 
secondary factors described earlier. Great variation exists in each 
aspect of assemblage composition and the variation at any one 
landscape feature is as great as the variation between topographic 
features. Consequently, assemblages of almost all compositions could 
be found associated with any of the environmental features listed in 
Table 4:7. These data suggest that proximity to secondary factors, or 
to water sources, are not major mechanisms producing variation in 
assemblage composition. The potential of the other primary 
environmental factor associated with activity location, distance to 
flakeable stone, to explain assemblage composition in examined in the 
next chapter. 
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TRANSPORT AND MODIFICATION OF MATERIAL CULTURE 
THROUGHOUT THE LANDSCAPE 
stone suitable for artefact manufacture can be obtained from 
only a few locations at Lawn Hill. Siliceous rock crops out in the 
limestone plateau to the south, and in some of the low ridges which 
rise out of the alluvial plains to the north. Despite this very 
restricted natural distribution of knappable stone, artefacts are 
found throughout the region, demonstrating that stone artefacts 
procured from those sources were widely transported. This chapter 
deals with the process by which prehistoric humans carried stone 
artefacts about the Lawn Hill landscape, and the changes to those 
artefacts which resulted from the knapper's attempts to conserve them 
for the future. A number of archaeological studies have previously 
explored the rationing of stone material, and its effects on 
assemblage composition, and it is useful to examine those findings. 
5.1 EXPLANATIONS OF INTER-SITE VARIATION IN 
STONE ARTEFACT ASSQIBLAGES 
Explaining inter-assemblage variation amongst Palaeolithic 
industries has been a major pursuit in Old World archaeology. 
Mousterian assemblages in particular have stimulated interest since 
the discovery that the relative frequency of implement types varied 
through time. Several explanations have been offered for these 
changes, principally ethnic differences (eg. Bordes 1961, 1973; 
Bordes and de Sonneville-Bordes 1970) or functional differences (eg. 
Binford 1972b, 1973; Binford and Binford 1966) or both (eg. Mellars 
1970). Further analysis revealed that these explanations were neither 
completely adequate nor the most appropriate. Working in the Spanish 
site of Nino, Davidson (1986:21, 25) found that chronological changes 
in implements were accompanied by changes in stone raw materials, 
suggesting that the form of the implement might be conditioned by 
some property of the stone or by the economics of stone procurement. 
Rolland (1981) pointed out that assemblage composition varied 
geographically during the Middle Palaeolithic in a way which suggests 
that raw material economising might have taken place. Dibble (1985) 
suggested a similar explanation for inter-assemblage variation of 
Levallois flakes from French sites. Examining the length, width and 
thickness of flakes he concluded that: 
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. . . t h e r e i s l i t t l e o r no p a t t e r n i n g among t h e 
L e v a l l o i s f l a k e s t h a t i s r e l a t e d d i r e c t l y t o 
i n d u s t r i a l v a r i a t i o n or t i m e . The s i m p l e s t 
e x p l a n a t i o n for the p a t t e r n i n g by s i t e i s t h a t i t 
i s r e l a t e d t o v a r i a t i o n i n l o c a l raw m a t e r i a l . . . 
(Dibble 1985:392) 
D i b b l e (1984, 1987) has a l s o a r g u e d t h a t t y p o l o g i c a l v a r i a t i o n i n 
M o u s t e r i a n r e t o u c h e d f l a k e s may r e p r e s e n t t h e d i f f e r e n c e s be tween 
v a r i o u s s t ages of r educ t ion . 
I n a more d e t a i l e d a n a l y s i s of M o u s t e r i a n d e b i t a g e . F i s h 
(1976:225-228) concluded t h a t not on ly s i z e but f l a k e morphology i s 
h i g h l y i n f luenced by the c h a r a c t e r i s t i c s of t he s tone m a t e r i a l . F i sh 
(1976:238) a l s o found t h a t t h e p a t t e r n s of i n t e r - a s s e m b l a g e 
v a r i a t i o n s i n t e c h n o l o g i c a l c h a r a c t e r i s t i c s were t h e same as those 
suggested by t y p o l o g i c a l a n a l y s e s . S i m i l a r a r g u m e n t s s t r e s s i n g t h e 
impor tant r o l e of raw m a t e r i a l i n assemblage v a r i a b i l i t y have been 
made for the Lower and Upper P a l a e o l i t h i c of Europe (eg. S t raus 1980; 
V i l l a 1983) , and P r e h i s t o r i c America (eg . B l a n t o n 1984; F l e n n i k e n 
1981:108; Johnson 1984; Wiant and Hassan 1984). 
Munday (1976) developed an even more s o p h i s t i c a t e d e x p l a n a t i o n 
of assemblage v a r i a t i o n i n h i s examination of Near Eas t e rn Mouster ian 
s i t e s . Us ing g e o g r a p h i c a l t h e o r y he s u g g e s t e d t h a t p e o p l e would 
l o c a t e t h e i r camps i n p o s i t i o n s t h a t wou ld m i n i m i s e t h e c o s t of 
ob t a in ing necessa ry r e s o u r c e s . In P a l e s t i n e , where Munday worked, the 
two major r e sources which a f f ec t ed the l o c a t i o n a l d e c i s i o n s of people 
were f l i n t and w a t e r . He h y p o t h e s i s e d t h a t t h e l o c a t i o n of a s i t e 
r e l a t i v e to t he se two re sources would be r e f l e c t e d i n t he ex t en t to 
which s t o n e w o r k e r s had r a t i o n e d and r e d u c e d t h e i r s t o n e . Munday 
(1976:18-19) framed h i s e x p l a n a t i o n s t h u s , 
. . . t h e l e a s t p r e p a r a t i o n and r e d u c t i o n s h o u l d 
o c c u r where f l i n t i s p r e s e n t and w a t e r d i s t a n t , 
w h i l e t h e g r e a t e s t p r e p a r a t i o n and r e d u c t i o n 
s h o u l d o c c u r where f l i n t i s d i s t a n t and w a t e r 
c l o s e s t . O the r s i t e s s h o u l d g r a d e a c c o r d i n g l y 
between t h e s e two extremes. 
A f t e r d e v i s i n g ways t o m e a s u r e t h e e x t e n t of p r e p a r a t i o n and 
r e d u c t i o n , Munday ( 1 9 7 6 : 1 9 3 - 2 1 0 ) examined 20 a s s e m b l a g e s and 
c o n c l u d e d t h a t f l i n t and w a t e r a v a i l a b i l i t y were major f a c t o r s 
p r o d u c i n g t e c h n o l o g i c a l v a r i a b i l i t y , and a t l e a s t some of t h e 
t3rpologica l v a r i a t i o n w i t h i n t he Mouster ian . 
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During the l a s t 20 years one popular e x p l a n a t i o n of assemblage 
v a r i a t i o n i n A u s t r a l i a n a r c h a e o l o g y has been to invoke f u n c t i o n a l 
changes due to seasonal movements. These models were s t i m u l a t e d by 
Thompson's (1939) o b s e r v a t i o n s on Cape York of a r t e f a c t s made from 
p l a n t and animal m a t e r i a l s . White (White and Pe te rson 1969) and A l l e n 
(1972) u s e d e t h n o g r a p h i c m o d e l s of s e a s o n a l i t y t o e x p l a i n 
a r c h a e o l o g i c a l d i f f e r ences . S i m i l a r m o d e l s h a v e o c c a s i o n a l l y been 
propounded s i n c e t h e e a r l y 1970s (eg, Lourandos 1977; L i l l e y 1978, 
1982; McBryde 1977; P o i n e r 1976) . A l l of t h e s e e x p l a n a t i o n s a r g u e 
t h a t people r e l o c a t e themselves s e a s o n a l l y to e x p l o i t seasona l food 
s u p p l i e s and i m p l y t h a t d i f f e r e n t " t o o l k i t s " would be r e q u i r e d i n 
the d i f f e r e n t seasons , thus l ead ing to v a r i a t i o n i n m a t e r i a l c u l t u r e 
and, e v e n t u a l l y , i n the a r c h a e o l o g i c a l record . 
I n 1973 O 'Conne l l (1977) c a r r i e d o u t work i n t h e N o r t h e r n 
T e r r i t o r y w i t h t h e s p e c i f i c aim of t e s t i n g and r e f i n i n g t h i s 
s e a s o n a l i t y mode l . He c o l l e c t e d a r t e f a c t s from a number of pre— 
c o n t a c t s i t e s which had been used by now e l d e r l y A b o r i g i n a l 
i n f o r m a n t s . O ' C o n n e l l t h e n a n a l y s e d t h e ' i m p l e m e n t s ' a s an 
a r c h a e o l o g i s t migh t and c o n c l u d e d t h a t some s i t e s d i d h a v e v e r y 
d i f f e r e n t implement con ten t s . Comparing t h i s v a r i a t i o n to the known 
funct ion and season of occupat ion of the s i t e he found t h a t t h e r e was 
v i r t u a l l y no c o r r e l a t i o n , concluding 
. . . t h e o b v i o u s i m p l i c a t i o n of t h i s i s t h a t 
s e a s o n a l s y s t e m s , i n s o f a r as t h e y e x i s t i n 
c e n t r a l A u s t r a l i a , a r e u n l i k e l y t o be 
r econs t ruc t ed or v e r i f i e d on the b a s i s of l i t h i c 
m a t e r i a l . (O'Connell 1977:280). 
O'Connell (1977:280) argued t h a t a more a p p r o p r i a t e e x p l a n a t i o n was 
t h a t 
. . . a s u b s t a n t i a l amoun t of i n t e r a s s e m b l a g e 
v a r i a t i o n may be t h e r e s u l t of d i f f e r e n c e s i n 
access t o m a t e r i a l used i n manufacture of t o o l s 
and of p a r t i c u l a r c h a r a c t e r i s t i c s of t h e s e 
m a t e r i a l s as they a f f e c t t he forms of implements. 
Other e t hno -a r chaeo log i ca l i n v e s t i g a t i o n s i n a r i d A u s t r a l i a have 
s u g g e s t e d t h a t a c c e s s t o s t o n e r e s o u r c e s a n d / o r p r o p e r t i e s of t h e 
s t o n e a r e major f a c t o r s c a u s i n g a s s e m b l a g e s of c h i p p e d s t o n e 
a r t e f a c t s t o l o o k t h e way t h e y do. Hayden (1977a) went so f a r as t o 
c l a i m t h a t t h e s e were t h e o n l y c a u s a l f a c t o r s , s u g g e s t i n g t h a t t h e 
l i k e l i h o o d of f l a k e s b e i n g r e t o u c h e d , and t h e i r s u b s e q u e n t 
morphology, i s determined by the r e l a t i o n s h i p between raw m a t e r i a l 
and edge c h a r a c t e r i s t i c s . He concluded t h a t 
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Western Desert a rchaeologica l t o o l s are not 
g e n e r a l l y prede te rmined forms, but r a t h e r 
mechanical r e s u l t s of hav ing to c r e a t e or 
resharpen a cut t ing edge one or more times. 
(Hayden 1977a:182) 
Since the effects of those mechanical fac tors were not understood, 
Hayden advocated the v i r tual abandonment of the study of implement 
form. He argued that i t might be more p r o f i t a b l e to study the 
func t ion of a r t e f a c t s us ing s p a t i a l a s s o c i a t i o n s and the 
experimentally established principles of use-wear. 
Gould's (1977a, 1977b, 1980) ethnographic observat ions in the 
Western Desert led him to describe a procurement and transportation 
system for a r t e fac t s which c l o s e l y resembles Munday's ra t ioning 
model. Flakeable stone was a v a i l a b l e from two sources: widely 
dispersed pebbles in the gibber and quarr ies at rock outcrops. The 
artefacts made from non-quarried stone were used as "instant tools" 
and discarded immediately. In contrast, the stone from quarries was 
carried away to "base camps" where i t was reduced, used and retained 
for r e l a t i v e l y long periods. Gould summarized the r e s u l t i n g 
distribution of artefacts around the landscape in the following way: 
Quarried stone flows in to the hab i t a t ion base 
camp, c lose to a water source, while ma te r i a l s 
from non-localized sources end up in the context 
of various task-speci f ic s i t e s that are widely 
dispersed over the landscape, u s u a l l y far from 
any re l i ab le source of water. (Gould 1980:126). 
The reason energy was expended to import these non-local rocks was 
t h e i r g r e a t e r e f f i c i e n c y in func t ions such as adzing (Gould 
1980:152). Quarried stone was costly to procure, sometimes requiring 
the knappers to dig several feet to obtain unweathered pieces (Gould 
1980:125), and costly to replace once i t had been transported to the 
base camp. Consequently, those artefacts made on expensive materials 
from distant quarries tended to be used for long times. Away from the 
quarries. Aborigines in the Western Desert probably conserved these 
fragments by employing various core prepara t ion techniques (Gould 
1980:126), and as a resul t , the size and morphology of the artefacts 
would have a l t e r e d . One example of t h i s can be seen at Puntut jarpa 
Rockshelter, where stone from quarries more than 15 km away makes up 
only 21.8Z of a l l a r t e f ac t s but 87.4Z of a l l adzes and micro-adzes 
(data from Gould 1980:144-152). 
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Working i n t h e n o r t h e r n p o r t i o n of t h e Wes t e rn D e s e r t , Cane 
(1984) examined s i t e s known by A b o r i g i n a l i n f o r m a n t s . R e c o r d i n g 
a r t e f a c t s a t t h e s e s i t e s , he o b s e r v e d t h e t r a n s p o r t a t i o n of s t o n e 
from q u a r r i e s to h a b i t a t i o n s i t e s up to 15 km d i s t a n t . Away from the 
s t o n e s o u r c e s , k n a p p e r s c o n s e r v e d s t o n e by r e d u c i n g c o r e s t o a 
g r e a t e r e x t e n t and by r e t o u c h i n g f l a k e s . Cane (1984:267) i d e n t i f i e d 
these mechanisms a r c h a e o l o g i c a l l y as an i n c r e a s e i n the p ropor t i on of 
r e t o u c h e d f l a k e s (from lOZ t o 40Z) and a d e c r e a s e i n c o r e s i z e w i t h 
g r e a t e r d i s t a n c e from the s tone source. 
The importance of the p r o p e r t i e s of rocks and the economics of 
s t o n e w o r k i n g has o c c a s i o n a l l y b e e n r e c o g n i s e d by A u s t r a l i a n 
a r c h a e o l o g i s t s , and sometimes used to e x p l a i n t h e i r assemblages. The 
e a r l i e r v iews of some t y p o l o g i s t s t e n d e d t o o v e r - e m p h a s i s e t h e 
i m p o r t a n c e of f r a c t u r e c h a r a c t e r i s t i c s i n v a r i o u s r o c k s and t h e 
c o n c l u s i o n s t h e y drew t e n d e d t owards s i m p l i s t i c raw m a t e r i a l 
d e t e r m i n i s m . T y p o l o g i s t A l f r e d Kenyon (1927:282) b e l i e v e d t h a t the 
major c o n s t r a i n t on p r e h i s t o r i c knappers was the c h a r a c t e r i s t i c s of 
the raw m a t e r i a l a t hand, and concluded t h a t the p r e h i s t o r i c knapper 
was "...a poor p r i m i t i v e c r e a t u r e , who a l lowed the m a t e r i a l a v a i l a b l e 
t o g o v e r n him, and d i d n o t a t t e m p t t h e i m p o s s i b l e " . Towle (1934) 
argued t h a t f a c t o r s such as raw m a t e r i a l p r o p e r t i e s and the r e s u l t i n g 
s i ze and shape of f l a k e s accounted for the d i f f e r e n c e s i n implements. 
He a l s o s u g g e s t e d t h a t t h e form of a r t e f a c t s such as backed b l a d e s 
was not i n t e n t i o n a l , but the r e s u l t of f requent use and re - sha rpen ing 
(Towle 1930) . The v i ews of Towle and Kenyon were r e i t e r a t e d by 
M i t c h e l l (1949, 1959) who argued t h a t both the form and func t ion of 
implemen t s i s so h e a v i l y i n f l u e n c e d by s t o n e m a t e r i a l s t h a t a 
typology should be based p r i m a r i l y on the raw m a t e r i a l types on which 
the a r t e f a c t s were made. 
More r e c e n t l y , J o n e s (1971 :607 , 1977:194) s u g g e s t e d t h a t t h e 
ch rono log ica l changes i n nor thwest Tasmanian implements were a r e s u l t 
of changes i n s tone m a t e r i a l s . Since 3,000 years BP, b e t t e r q u a l i t y 
cher t from d i s t a n t q u a r r i e s was p r e f e r r e d t o l o c a l q u a r t z i t e s , but 
t h e c o s t of i t s i m p o r t a t i o n " . . . n e c e s s i t a t e d more i n t e n s i v e and 
e f f i c i e n t u s e t o be made of them.. ." ( J o n e s 1971 :607) . I n c e n t r a l 
Tasmania, Sut ton (1985) demonstrated t h a t the mudstone and q u a r t z i t e 
used i n a r t e f a c t manufacture had d i f f e r e n t p r o p e r t i e s , and p e r h a p s 
d i f f e r e n t c o s t s of p r o c u r e m e n t , and t h a t p r e h i s t o r i c k n a p p e r s 
responded by us ing d i f f e r e n t p a t t e r n s of manufacture on each type of 
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stone. On mainland Australia archaeologists have briefly mentioned 
the extent to which local stone sources were used and the patterns of 
artefact sizes and types which resulted from the use of energy 
expensive non-local stone resources (e.g. Hiscock 1982; Scott-Virtue 
1982:90). By far the most detailed investigation of the possibilities 
of this mechanism was made by Byrne (1980) who studied changes in 
assemblages which were related to dispersal away from a large 
silcrete quarry in Western Australia. The proportion of silcrete in 
assemblages declined with distance from the quarry, and this change 
was accompanied by a decline in the average size of silcrete 
artefacts and an increase in the proportion of silcrete cores with 
overhang removal and retouched flakes (Byrne 1980:113-116). Thus, 
although only a limited number of variables were measured, Byrne was 
able to argue that these aspects of morphology did change with the 
decreasing availability of further material. He hypothesised that the 
mechanism for these changes was an increased life-span of the 
transported artefacts, a continued reduction of the artefacts, and a 
consequent lowering of the discard threshold (Byrne 1980:118). 
Since these studies suggest that much of the variation in 
assemblage content results from the utilization of different rock 
types and the differences in access to replacement stone, they imply 
that assemblage composition is linked to the location of sites. The 
parameter of site location which affects composition is the 
positioning of the site relative to the sources of stone. Both ethno-
archaeological and archaeological work in Australia indicates that 
this rationing mechanism is frequently at work. Given the failure of 
other environmental features to explain assemblage variation at Lawn 
Hill, it was appropriate to consider whether rationing did in fact 
occur at all, and if so, to what extent it accounted for assemblage 
variation. To this end it is necessary to frame more precisely the 
rationing mechanisms and their manifestations. 
5.2 RATIONING AS AN EXPLANATION FOR ASSBIBLAGE VARIATION 
This discussion is restricted to the inter-assemblage variation 
produced by the availability of flakeable stone, and does not involve 
the effects of inherent properties of the rock types, an issue which 
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is investigated in following chapters. An explanation of artefact 
assemblages which invokes the response of stoneworking to the 
scarcity of raw materials relies upon two propositions. The first of 
these is that the availability of raw materials will have affected 
the process of stoneworking. Stone sources suitable for knapping are 
rarely distributed uniformly across the land surface. As a result, in 
the course of their activities, prehistoric humans often transported 
stones and stone artefacts around the landscape to points where raw 
materials were not otherwise available. To produce further flakes, 
resharpen edges and alter the size and shape of cores and retouched 
flakes, knapping occurred far from stone sources as well as close to 
them. In such circumstances the availability of raw materials can be 
expected to have affected stone working for a number of reasons. When 
stone was rare, it was beneficial to conserve the material by using 
techniques which get more flakes per unit of stone and/or enable the 
core to be reduced further. It was beneficial to do this when 
procuring further material required the expenditure of more energy 
than the act of using stoneworking methods which conserved and 
rationed available cores. It was also beneficial to conserve the 
material when the timing of activities meant that further stone could 
not be acquired until after the current supply was exhausted (cf. 
Torrence 1983). The application of knapping methods away from the raw 
material source which differed from those used near the raw material 
source would have resulted in artefacts of different morphologies, 
and cores would then have continued to be reduced in a dissimilar 
manner to cores at the raw material source. 
The second proposition is that as material was transported from 
its source, its size and morphology would have changed. The size and 
morphology of highly reduced cores is often different from cores with 
little reduction, even at a single site. Since it could be expected 
that highly reduced cores would be found further from a quarry than 
slightly reduced cores, it is also to be expected that the artefacts 
close to and distant from raw material sources would look different. 
This is a corollary of the first proposition if it can be assumed 
that there is a positive correlation between increasing reduction and 
increased distance from the material source. This assumption relies 
upon two propositions: 
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1. That the longer a chipped artefact operated in the human 
behavioural system the greater probability it had of being 
flaked further. 
2. That the longer an artefact operated in the human 
behavioural system the greater was its probability of being 
transported away from the raw material source. 
The expectation derived from these propositions is that the 
greater the distance from a raw material source, the more different 
an assemblage would be from artefacts at the raw material source. 
Furthermore, this variation should be interpretable in terms of the 
different phases in reduction, later phases being farthest from the 
raw material source. Techniques and strategies of reduction, 
including rectification procedures, not exhibited near the raw 
material source might occur at greater distances from that source as 
a result of rationing. 
Munday (1976) pointed out that the rate at which material is 
rationed may not remain constant across the landscape. All else being 
equal, such as site function, the degree of reduction at any site is 
inversely proportional to the mobility of the occupants. The longer a 
site is occupied, the greater the amount of stone that will be 
struck from cores which remain at the site. In Munday's study the 
key environmental parameter determining intensity of occupation was 
the availability of water, and it has been argued that this is also 
a primary factor affecting site occupation at Lawn Hill. I have shown 
that tulas tend to be more reduced in areas which were occupied 
relatively intensively. This pattern might occur generally in an 
economic system which rations stone. Thus, there is an expectation 
that the degree of rationing will not necessarily change in a linear 
manner with increasing distance from a raw material source. 
5.3 TESTING FOR RATIONING AT LAWN HILL 
To test the prediction that reduction changes with distance from 
raw material source as a result of rationing of the stone, it is 
necessary to examine at least two different types of raw materials, 
and artefacts of these two raw materials which occur at varying 
distances from their respective sources, but at similar distances to 
other resources. The most appropriate way to achieve this at Lawn 
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H i l l was t o s u r v e y t r a n s e c t s o r i e n t e d away from c h e r t and greywacke 
s o u r c e s . 
TRANSECT METHOD 
The m a i n t r a n s e c t d e s c r i b e d h e r e was o r i e n t e d n o r t h e a s t -
s o u t h w e s t , p a r a l l e l and a d j a c e n t t o Lawn H i l l C r e e k , and e x t e n d e d 
f rom g r e y w a c k e o u t c r o p s i n t h e n o r t h t o c h e r t - b e a r i n g d o l o m i t e s i n 
t h e s o u t h ( F i g u r e 5 : 1 ) . The t r a n s e c t was d i s c o n t i n u o u s , composed of 
f o u r 1 km s u r v e y u n i t s e a c h a t 5 km i n t e r v a l s . The u n i t s a r e 
r e g u l a r l y s p a c e d b e t w e e n t h e two r a w m a t e r i a l s o u r c e s . S i n c e t h e 
major f l o r a l and f a u n a l communi t ies a r e s t r a t i f i e d p a r a l l e l t o t h e 
m a j o r c r e e k l i n e s , e a c h of t h e s u r v e y u n i t s h a d r o u g h l y t h e same 
a c c e s s t o b i o t i c r e s o u r c e s . 
Two o t h e r t r a n s e c t s w e r e s u r v e y e d t o e x a m i n e c h a n g e s f rom 
n o r t h w e s t t o s o u t h e a s t . I n t h e n o r t h o f t h e s t u d y a r e a , a 
d i s c o n t i n u o u s t r a n s e c t was p o s i t i o n e d t o measu re a s s e m b l a g e v a r i a t i o n 
b e t w e e n q u a r r i e s of g r e y w a c k e t o t h e e a s t and w e s t ( F i g u r e 5 : 1 ) . I n 
t h e s o u t h of t h e s t u d y a r e a , a s i m i l a r t r a n s e c t examined a s s e m b l a g e s 
l o c a t e d c l o s e t o c h e r t s o u r c e s b u t a t v a r y i n g d i s t a n c e s from w a t e r 
( F i g u r e 5:1) . Because r e p l a c e m e n t s t o n e i s r e a d i l y a v a i l a b l e a t most 
p o i n t s a l o n g t h e s e two t r a n s e c t s , and b e c a u s e e a c h t r a n s e c t d e a l s 
w i t h o n l y one k i n d of s t o n e , i t was e x p e c t e d t h a t t h e m a n i f e s t a t i o n 
of r a t i o n i n g would be l e s s p ronounced i n t h e s e t r a n s e c t s t h a n i n t h e 
n o r t h e a s t - s o u t h w e s t t r a n s e c t . N e v e r t h e l e s s , t h e d a t a f rom t h e s e 
t r a n s e c t s s h o u l d c o n f o r m t o t h e p r e d i c t i o n s i f i n t e r - a s s e m b l a g e 
v a r i a t i o n s r e s u l t from d i f f e r e n c e s i n s t o n e a v a i l a b i l i t y . 
A s e r i e s of s p e c i f i c p r e d i c t i o n s were b a s e d upon t h e h y p o t h e s e s 
d i s c u s s e d a b o v e . The f o l l o w i n g p a t t e r n s s h o u l d be o b s e r v e d i f t h e s e 
r a t i o n i n g mechanisms were a t work on Lawn H i l l S t a t i o n : 
1. The p r o p o r t i o n of a r t e f a c t s of one raw m a t e r i a l t y p e i n a 
s i t e w i l l d e c l i n e w i t h i n c r e a s i n g d i s t a n c e of t h e s i t e from 
the source of the raw m a t e r i a l . 
2. The s i z e of a r t e f a c t s s h o u l d d e c r e a s e w i t h i n c r e a s i n g 
d i s t a n c e from the quar ry from which they d e r i v e . 
3. A r t e f a c t m o r p h o l o g i e s s h o u l d change w i t h i n c r e a s i n g 
d i s t a n c e from t h e s o u r c e s of t h e m a t e r i a l on which t h e y a r e 
made. These changes may be d i s p l a y e d i n a l a r g e number of 
v a r i a b l e s , but the changes should a l l r e f l e c t two f e a t u r e s . 
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First, changes in the Generalized Reduction Sequence, and 
consequently, the changes in artefacts through space away from 
the source, should involve the application of techniques 
suited to rationing of the core. This rationing would have 
involved getting more flakes per unit stone, and/or enabling 
the core to be reduced further, and/or regularising production 
so that more of the flakes produced were useable. 
Second, the artefacts should look increasingly reduced 
with increasing distance from the raw material source. That 
is, they should represent stages and processes of reduction 
which are later than, and additional to, those occurring 
closer to the raw material source. 
THE RECORDING SYSTEM 
Testing these predictions required that relevant characteristics 
should be measured (see Table 5:1). This meant that the following 
types of information had to be obtained from artefacts at each point 
in the landscape: 
1. The raw materials on which they are made. 
2. The size of artefacts, measured separately for different 
types of artefacts (such as flakes and cores). 
3. The presence and frequency of knapping techniques which 
serve to ration the material worked. 
4. The degree to which the artefacts are reduced. 
Measurements of the last two characteristics require discussion. 
Some techniques may ration stone by removing a greater number of 
useable flakes from a core. One way of achieving this is to strike 
off thin flakes by locating blows close to the platform edge, an 
action which should be archaeological ly visible as an increase in the 
proportion of flakes with focalized platforms and overhang removal. 
Another way of producing more useable flakes is to regularize flake 
removal and thereby increase the success rate, an action which should 
increase the consistency index on flakes. Rationing is also indicated 
by actions which increase the length of time a stone artefact was 
employed. Into this category fall measurements such as the amount of 
retouching and edge damage on flakes, both of which may reflect the 
duration of use. Core rotation will often indicate an attempt to 
prolong reduction and extract as many flakes as possible from a core, 
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because the creation of new platforms enables the knapper to remove 
undesirable features which might prevent continued knapping. 
On the artefacts at Lawn Hill, a number of simple measurements 
indicate the degree of reduction (see Chapters 6 and 7). The size of 
both cores and flakes decreased as knapping proceeded and core 
rotation became more frequent as the core was reduced. Cortex was 
stripped from the core as it was knapped, a process which is most 
easily measured by calculating the proportion of flakes with cortex 
on their platform or dorsal surfaces. As ridges were set up, flakes 
often became more elongate. Finally, retouched flakes often underwent 
distinctive changes as they were progressively resharpened. This is 
commonly acknowledged for implement types such as tulas (eg. Kamminga 
1985), but also occurs on types such as points. 
In each survey area, these attributes were recorded on samples 
of 100 flakes and at least 10 cores at all sites, and occasionally 
at locations containing background scatter. Any location where a 
particular attribute could not be measured on these numbers of 
artefacts was excluded from the analysis of that variable. 
5.4 NORTHEAST-SOUTHWEST TRANSECT 
DIRECTION OF CHANGE 
There were distinct and consistent changes in the artefact 
assemblages found along the northeast-southwest transect. The 
direction of these changes are described in four categories: raw 
material, size, rationing and rectification procedures, and the 
extent of reduction. 
Raw material change 
The percentage of each raw material type decreases with 
increasing distance from its source (Figures 5:2-3). The decrease in 
the proportion of greywacke artefacts away from its quarry is more 
rapid than that of chert artefacts but greywacke artefacts are still 
transported up to and beyond the chert source. 
105 
chapter 5 
Size changes 
The maximum size of f lakes seen on the ground surface at each 
s i t e decreases away from the raw mater ia l source (Figures 5:4-5). 
This applies equally to flakes made on both chert and greywacke. 
The d i s t r i b u t i o n of s ize c lasses shows a progress ive sh i f t 
towards smaller s izes with increasing dis tance from raw mater ia l 
sources (Figures 5:6-9). This trend appl ies equa l ly to f lakes and 
cores, and to both chert and greywacke artefacts. 
Rationing/rectification procedures 
A number of d i f fe ren t procedures which would have rat ioned 
material show a positive relationship with distance from quarries: 
1. Overhang removal, ind ica t ing preparation of the platform 
edge, increases in frequency away from e i the r raw mater ia l 
source (Figures 5:10-11). The amount of overhang removal 
employed by knappers a t any point in the landscape differed 
for chert and greywacke, but the increase with distance from 
the source is clear in both cases. 
2. Focalized platforms, ind ica t ing precise loca t ion of the 
blows and the removal of r e l a t ive ly thin flakes, become more 
frequent with increasing distance from the source of the raw 
mater ia l (Figures 5:12-13). This appl ies to both chert and 
greywacke, and with small differences, the magnitude and rate 
of change is roughly the same. 
3. The percentage of chert f lakes which are retouched 
increases with dis tance from the source of the mater ia l 
(Figure 5:14). The numbers of retouched greywacke flakes were 
too small to quantify the data in a comparable c a l c u l a t i o n ; 
but my subjective assessment is that a similar trend occurs in 
greywacke, although the greatest increase takes place within 
2-3 km of the greywacke source. 
4. The percentage of f lakes with edge damage increases away 
from the raw mater ia l source (Figures 5:15-16). This appl ies 
to f lakes made from both chert and greywacke although the 
degree and ra te of increase i s d i s s i m i l a r . What caused t h i s 
edge damage i s not known; i t may have been use or some other 
factor which s t i l l involved t r anspor t a t ion (eg. knocking 
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aga in s t o ther s tones i n d i l l y bags). 
5. S ing l e p la t fo rm cores decrease i n r e l a t i v e frequency away 
from q u a r r i e s , w h i l e c o r e r o t a t i o n i n c r e a s e s ( F i g u r e s 5 :17-
18). This i nc r ea se i n core r o t a t i o n i s r e f l e c t e d i n the f l a k e 
d e b r i s , wi th the p ropor t i on of p l a t fo rm removal f l a k e s w i t h i n 
t h e a s s e m b l a g e showing a d i s t i n c t p o s i t i v e r e l a t i o n s h i p t o 
d i s t a n c e from the source of the s tone m a t e r i a l (Figures 5 :19-
20) These t r ends apply to both che r t and greywacke. 
No p r o n o u n c e d o r c o n s i s t e n t t r e n d s a r e v i s i b l e i n t h e 
cons is tency of f l a k e removal a t s i t e s i n c r e a s i n g l y d i s t a n t from stone 
sources. A s l i g h t n e g a t i v e r e l a t i o n s h i p on che r t might suggest t h a t 
the maintenance of r i dges becomes more d i f f i c u l t on s m a l l co re s , but 
t h e change i s t o o minor t o be c o n v i n c i n g ( F i g u r e 5 :21) . C o n s i s t e n c y 
of f l a k e removal from greywacke cores shows a p o s i t i v e r e l a t i o n s h i p 
w i t h d i s t a n c e from s o u r c e , b u t a g a i n t h e change i s s m a l l ( F i g u r e 
5:22). The f a i l u r e of assemblage v a r i a t i o n t o i n d i c a t e major changes 
i n cons is tency of f l a k e removal may suggest t h a t the techniques the 
knappe r s employed t o r a t i o n s t o n e were aimed a t ensur ing continued 
r e d u c t i o n of t h e c o r e and n o t a t r e g u l a r i z i n g p r o d u c t i o n . 
A l t e r n a t i v e l y , t h e f a i l u r e of t h i s measure t o show a r e l a t i o n s h i p 
with d i s t a n c e from m a t e r i a l source might stem from the i n s e n s i t i v i t y 
of t h e c o n s i s t e n c y d i v i s i o n t o any t r e n d s t h a t migh t h a v e t a k e n 
p l ace . 
Extent of reduction 
Several different measures of the degree of reduction show the 
expected positive relationship with distance to source. A number of 
these measures have already been noted. The size of both cores and 
flakes decreases away from quarries (Figures 5:4-9). Core rotation 
increases with distance from raw material sources (Figures 5:17-20). 
Other measures which indicate reduction also show increases away 
from the quarries are: 
1. The amount of cortex on the dorsal surface of flakes 
decreases away from the raw material source (Figures 5:23-24) 
and indicates the progressive removal of cortex from the core 
face. This applies to both chert and greywacke although the 
rates of change differ radically on the two materials. 
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2. The proportion of cortical platforms on greywacke flakes 
decreases away from the raw material source (Figure 5:25), 
indicating that cortex was progressively stripped from the 
cores as they were transported and/or that conchoidal 
platforms were first set up at the quarry and continued to be 
used when the core was taken from the quarry. These data may 
also suggest that flakes without cortical platforms were more 
likely to be removed from the quarry. The reverse trend is 
seen for chert flakes, with an increase away from the source 
areas (Figure 5:26). This increased frequency of chert flakes 
with cortical platforms might be accounted for by the 
increased rotation of cores in areas distant from the raw 
material supply and/or by the selective transportation of 
flakes with cortical platforms. 
3. Elongation of chert flakes initially increases away from 
the raw material source and then decreases rapidly (Figure 
5:27). The first change was probably a reaction to decreased 
size and increased ridge straightness; while the second was a 
result of core rotation and further decrease in size. 
Elongation of greywacke flakes shows a consistent decrease 
away from the quarry (Figure 5:28). 
4. Only some implements show changes in the extent of 
reduction with increasing distance from raw material sources. 
Backed blades show no noticeable change and would not be 
expected to since they are generally thought to have been 
manufactured at one spot and not modified again. Tulas show 
marked differences in amount of reduction, from complete tulas 
to worked out slugs; however, this transect and other survey 
work in the Lawn Hill area failed to find a proportional 
increase in the slug form with increased distance to raw 
material source. Points made of greywacke, on the other hand, 
show clear signs of increased reduction away from the raw 
material source. The average size of the points decrease from 
8.6 cm in the north to 6.5 cm in the south (N=65). This trend 
is accompanied by an increase in the proportion of bifacial 
points over unifacial points, because the latter are worked 
down to become bifacial (Figure 5:29). 
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RATE OF CHANGE 
The rate of change varies greatly between the attributes which 
were measured. For some attributes the rate is nearly linear, while 
for others it is exponential. This variation in the rate of change 
originates from two main factors. Firstly, the variables changed in 
response to alterations in the core and/or the knappers' actions. 
Since one variable may have responded to a combination of knapping 
situations which do not effect other variables, it can be expected 
that the timing of variable change will often have been different. 
For example, the size of greywacke flakes decreased exponentially 
because as cores became smaller and procedures such as core rotation 
were employed, the variation in flake size was reduced and the 
capacity of the core to yield flakes of much greater size was 
diminished. In contrast, the relationship between distance from 
source and the frequency of overhang removal is nearly linear because 
knappers were responding to a relatively steady increase in problems 
associated with decreased core size and the steadily increasing 
pressure to ration the remaining material. The second factor is that 
some variables reached their limits of change while others did not. 
For example, within 5 km of the greywacke quarry, the knappers 
removed all cortex from the core face and no matter how much further 
knapping occurred at greater distances from the quarry, the 
percentage of flakes without cortex could not change (Figure 5:24). 
Other attributes continue to change throughout the transect. 
Of greater interest are the differences in the rate at which 
knappers instigated rationing procedures on greywacke and chert. 
Table 5:2 svmimarizes the variation in the rate of change related to 
raw material. On greywacke, the major changes in assemblage 
composition occur in the first half of the transect. This applies to 
the twelve variables \^ich show a distinct relationship with distance 
from quarry. In contrast, five of the 12 variables on chert artefacts 
undergo their most dramatic alteration during the second half of the 
transect, once they had been transported more than 9 km from the raw 
material source. These data suggest that there were different 
patterns of reduction and rationing for the two materials. 
As chert was carried out onto the plain, knappers continued to 
adjust the nature and frequency of their reduction procedures. Some 
characteristics of knapping behaviour did not alter until the 
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material was re la t ive ly far from replacement chert. For example, only 
when knappers were further than 12-13 km from a chert source did they 
begin to retouch a greater proportion of f l akes , or to s t r i ke a 
greater proportion of flakes without cortex than previously. 
Most of the major changes in greywacke reduction occur within a 
few kilometres of the quarry. Further from a source of replacement 
stone, knapping debris was a l t e r e d in response to the increasing 
scarcity of stone, but the greatest rate of change takes place near 
the quar r ies . This trend suggests tha t s h o r t l y af te r mater ia l was 
carried away from the greywacke quarry, there was a fundamental and 
s ign i f ican t change in the approach to reducing stone. Rationing at 
g r e a t e r d i s t a n c e s presumably occur red w i t h i n the s t r a t e g y 
characteristic of reduction away from the quarry. 
There i s a further difference between the r a t e of change in 
chert and greywacke assemblages along t h i s northeast-southwest 
transect. Great var iab i l i ty in assemblage composition occurs near 
the chert quarries, but not near greywacke quarries. The var iab i l i ty 
in chert assemblages might r e l a t e to differences in the length of 
occupation, with more intensively occupied si tes having assemblages 
which are more reduced than would be expected at that distance from 
the stone source. If this is the case, i t implies that the intensity 
of occupation is greater and more varied in the gorge system than on 
the p l a i n to the north. A l t e r n a t i v e l y , the grea ter assemblage 
v a r i a b i l i t y within the gorges might have r e su l t ed from knappers 
employing a la rger number of techniques and reduction s t r a t eg i e s 
there than elsewhere in the study area. 
5 . 5 OTHER TRANSECTS 
Data from the northern transect a l so showed d i s t i n c t pos i t i ve 
and negative relationships between distance from a greywacke quarry 
and the composition of assemblages. Although the d i r ec t ion of 
mater ia l cu l tu re change i s the same as observed in the northeast-
southwest t r ansec t , the r a t e of changes often d i f fe r . Figure 5:30 
shows an inverse relationship between distance and the percentage of 
greywacke in the assemblage. Seven ki lometres i s the grea tes t 
dis tance from any s i t e to a greywacke source, and compared with the 
northeast-southwest t r ansec t , the change in the proport ion of 
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greywacke a r t e f a c t s i n assemblages over t h a t d i s t a n c e i s sma l l (35Z 
versus 85Z). The d e c l i n e i n the percentage of greywacke r e s u l t s from 
the presence of g r e a t e r amounts of q u a r t z i t e , p robably d e r i v e d from 
the Ploughed Mountains. Chert remains a t 5-lOZ a t most po in t s a long 
the t r a n s e c t , i n d i c a t i n g the r e l a t i v e l y cons tan t d i s t a n c e to sources 
of c h e r t . 
With i nc r ea s ing d i s t a n c e from a source of greywacke, t h e r e i s a 
diminution i n the s i z e of greywacke f l a k e s (Figure 5:31), an i nc r ea se 
i n t h e p r o p o r t i o n of greywacke f l a k e s which a r e r e t o u c h e d ( F i g u r e 
5:32) , and an i n c r e a s e i n t h e f r e q u e n c y of c o r e r o t a t i o n ( F i g u r e 
5:33) . These r e l a t i o n s h i p s a r e c o n s i s t e n t f o r t h e e n t i r e n o r t h e r n 
t r a n s e c t , wi th a l l assemblages measured f a l l i n g on or near a s i n g l e 
l i n e . A d i f f e r e n t p a t t e r n emerges when o t h e r c h a r a c t e r i s t i c s a r e 
examined. For e x a m p l e . F i g u r e 5:34, which shows t h e changes i n t h e 
frequency of overhang removal wi th i n c r e a s i n g d i s t a n c e from greywacke 
q u a r r i e s , i n d i c a t e s t h a t t h e r e a re two r e l a t i o n s h i p s i n the no r th of 
t h e s t u d y a r e a . R e l a t i o n s h i p 'A* i n F i g u r e 5:34 o p e r a t e s i n t h e 
w e s t e r n p o r t i o n of t h e n o r t h e r n t r a n s e c t , where greywacke was 
obtained from the q u a r r i e s on Page Creek. R e l a t i o n s h i p 'B' i n Figure 
5:34 opera tes i n the e a s t e r n p o r t i o n of the n o r t h e r n t r a n s e c t , where 
greywacke was o b t a i n e d from t h e q u a r r y on Dinner Creek. These 
d i f f e r e n c e s i n t h e u s e of o v e r h a n g r e m o v a l r e f l e c t t h e d i f f e r e n t 
s i zes and shapes of greywacke cobbles which were a v a i l a b l e . Overhang 
removal was a more a p p r o p r i a t e procedure for r a t i o n i n g the l a r g e r and 
more rounded cobbles found i n t he west . 
Data from t h e s o u t h e r n t r a n s e c t d i d n o t show changes i n 
a s s e m b l a g e c o m p o s i t i o n of t h e same m a g n i t u d e as t h o s e i d e n t i f i e d 
a l o n g t h e f i r s t two t r a n s e c t s . A l l a r e a s a l o n g t h i s t r a n s e c t were 
wi th in 2 km of some kind of che r t source . I f d i s t a n c e t o replacement 
m a t e r i a l was a major f a c t o r de termining assemblage composit ion then 
the assemblages a long t h i s t r a n s e c t , a l l w i th roughly s i m i l a r access 
t o r e p l a c e m e n t c h e r t , s h o u l d h a v e a r t e f a c t s of s i m i l a r s i z e and 
morphology and i n d i c a t e r e l a t i v e l y l i t t l e r e d u c t i o n or r a t i o n i n g . 
Both of t h e s e e x p e c t a t i o n s a p p e a r t o be con f i rmed by d a t a from t h e 
s o u t h e r n t r a n s e c t . 
There i s i n t e r - a s s e m b l a g e v a r i a t i o n i n c h e r t a r t e f a c t s a long the 
s o u t h e r n t r a n s e c t , b u t i t i s m i n i m a l compared w i t h t h e d i f f e r e n c e s 
be tween a s s e m b l a g e s n e a r and f a r from c h e r t s o u r c e s which were 
observed a long the no r thea s t - sou thwes t t r a n s e c t . For example, between 
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95Z and lOOZ of all artefacts were made on chert, 88-lOOZ of all 
flakes were less than 6 cm long, and the frequency of overhang 
removal in the assemblages was between 20Z and 30Z. What variation 
does exist along the transect might result from three factors which 
are still consistent with a rationing explanation. Firstly, small 
variations in access to chert sources may result in minor differences 
between assemblages. Some of the sites studied are positioned on top 
of chert sources, while others are 2 km from a source. Secondly, 
differences in intensity of occupation might produce increased 
reduction and a greater likelihood of scavenging and re-use of 
materials at some sites and not others (cf. Munday 1976). Thirdly, 
variations in the properties of chert from different sources might 
result in different assemblage characteristics. Figure 5:35 shows 
that on the southern transect this mechanism underlies much of the 
inter-site variation in artefact size. The percentage of artefacts 
larger than 6 cm is proportional to the percentage of chert from 
quarries (Q Chert) in the assemblage because it is more likely that 
bigger flakes can be struck from Q Chert than from chert obtained as 
river cobbles (R Chert). Thus, the maximum and average size of 
artefacts will have varied with differential access to Q Chert and R 
Chert. 
Assemblages measured along the southern transect show little 
indication of rationing. The characteristics of all assemblages on 
the southern transect conform to those close to chert sources on the 
northeast-southwest transect. For example, there were always more 
single platform cores than rotated ones, and the percentage of chert 
flakes which are retouched is always less than 20Z, and in most cases 
less than lOZ. 
5.6 DISCUSSION 
Explaining inter-assemblage variation as rationing is a least-
cost argument based on the proposition that the knapper will change 
procedures to conserve stone when it is cheaper and more effective 
than procuring replacement stone. Schiffer (1979:363) commented on 
the tendency for archaeologists to assume that there are relatively 
few variables involved in least-cost mechanisms and that they should 
result in simple archaeological patterns. He argued that least-cost 
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mechanisms may a c t u a l l y i n v o l v e complex s e t s of c o s t s and r e t u r n s , 
and d e t e r m i n i n g whe the r or n o t a p a t t e r n r e s u l t s from such a 
mechanism may be arduous. For example, r a t i o n i n g might be d i f f i c u l t 
to de t ec t for a number of reasons . Not a l l c h a r a c t e r i s t i c s of s tone 
a r t e f a c t s w i l l n e c e s s a r i l y be changed by continued r educ t ion and the 
i n i t i a t i o n of r a t i o n i n g procedures , and t h e r e f o r e not a l l measurable 
v a r i a b l e s may d i s p l a y a c o r r e l a t i o n w i t h d i s t a n c e t o s o u r c e . The 
a t t r i b u t e s which do show such a c o r r e l a t i o n w i l l v a r y w i t h t h e 
reduc t ion s t r a t e g y and r a t i o n i n g procedures which a re used. Even i n 
t h o s e v a r i a b l e s which do a l t e r w i t h d i s t a n c e from r e p l a c e m e n t 
m a t e r i a l s , the changes w i l l not n e c e s s a r i l y be mani fes t a t a l l p a r t s 
of t h e l a n d s c a p e . Change i n some v a r i a b l e s w i l l o c c u r o n l y a f t e r 
i nc reas ing d i s t a n c e to a raw m a t e r i a l source has caused s c a r c i t y to 
r e a c h a p a r t i c u l a r l e v e l , o r when t h e r e d u c t i o n of t h e s t o n e 
encounters a p a r t i c u l a r problem. Change i n o the r v a r i a b l e s may reach 
i t s l i m i t s q u i c k l y , t h e r e b y p r e v e n t i n g f u r t h e r i n c r e a s e s . 
F u r t h e r m o r e , r a t i o n i n g may n o t a l w a y s be m a n i f e s t e d as a p o s i t i v e 
r e l a t i o n s h i p be tween t h e e x t e n t of r e d u c t i o n and t h e d i s t a n c e t o 
replacement m a t e r i a l . For example, a f t e r the r e d u c t i o n of a core has 
ceased, r a t i o n i n g of a r t e f a c t s may t ake t he form of inc reased u s e l i f e 
r a t h e r than increased reduc t ion . There may a l s o be c i rcumstances i n 
which r a t i o n i n g t a k e s p l a c e as a c c e s s t o q u a r r i e s d e c l i n e , b u t i n 
which e lapsed time and d i s t a n c e the m a t e r i a l has been c a r r i e d a re not 
adequa te ly measured by s t r a i g h t - l i n e d i s t a n c e to raw m a t e r i a l source. 
Despi te these p o t e n t i a l problems wi th i d e n t i f y i n g and measuring 
p r e h i s t o r i c r a t i o n i n g b e h a v i o u r i n a r c h a e o l o g i c a l d a t a , t h e 
o b s e r v a t i o n s from Lawn H i l l conform s t r o n g l y t o t h e p a t t e r n s 
p red ic ted for a system of m a t e r i a l c u l t u r e i n which r a t i o n i n g takes 
p l a c e . Almost every aspec t of assemblage v a r i a t i o n t h a t was s tud ied 
showed a r e g u l a r and u n i d i r e c t i o n a l c o r r e l a t i o n , e i t h e r p o s i t i v e or 
n e g a t i v e , w i t h s t r a i g h t - l i n e d i s t a n c e from s o u r c e s of k n a p p a b l e 
s t o n e . With i n c r e a s i n g d i s t a n c e from a raw m a t e r i a l s o u r c e , t h e 
p ropor t ion of t h a t raw m a t e r i a l i n assemblages decreased , the s i z e of 
a r t e f a c t s made on t h a t raw m a t e r i a l decreased , and the morphology of 
a r t e f a c t s was i n c r e a s i n g l y more reduced. Techniques which conserved 
m a t e r i a l a r e more common f u r t h e r from i t s s o u r c e t h a n c l o s e t o i t . 
These da ta a r e bes t exp la ined as t he r e s u l t of the r a t i o n i n g of s tone 
m a t e r i a l s by p r e h i s t o r i c peop le a t Lawn H i l l . 
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One impl ica t ion of th i s argument i s tha t the vast majority of 
inter-assemblage v a r i a b i l i t y at Lawn H i l l i s the product of raw 
material rationing. This implication suggests that the chipped stone 
component of the material culture contains no obvious reflection of 
functional variations, seasonal mobility, or ethnic differences. Such 
factors may have existed. For example, the plants and animals which 
were a v a i l a b l e to humans do change across the study area and the 
a c t i v i t i e s associated with the e x p l o i t a t i o n of these resources 
probably did vary. S imi la r ly , the dramatic seasonal c l imat ic 
variation may well have affected the scheduling of human movements. 
Concluding tha t assemblage v a r i a t i o n i s l a r g e l y a r e s u l t of 
va r i a t ions in stone supply does not deny tha t enviroiunental 
variations stimulate functional differences, but i t involves arguing 
that if such funct ional v a r i a t i o n did occur i t did not effect the 
stoneworking technology. At Lawn Hi l l i t was not artefact function 
which determined a r t e f a c t form, but the economics of s tone 
procurement and knapping. 
Explaining assemblage variation as a resul t of rationing also 
implies that on any one mater ia l the major differences in size and 
shape of a r t e f ac t s from various par t s of Lawn H i l l need not be a 
product of the application of d i f fe ren t technologies . Instead, the 
same technology in different situations might have produced different 
forms of debr is . In t h i s case, although the nature of stoneworking 
does change around the landscape, i t is only because the sequential 
changes occurring in one Generalized Reduction Sequence are separated 
s p a t i a l l y by the t r a n s p o r t a t i o n of s tone from the quar ry . 
Alternatively, the assemblages at Lawn Hi l l might consist of several 
Generalized Reduction Sequences, each being rationed in approximately 
the same manner. Differentiating between these a l ternat ives requires 
detailed technological analysis. 
Examining the stoneworking technology in more d e t a i l i s a l so 
imperative in view of the fact that while rationing accounts for much 
of the in t e r - s i t e variation, i t does not account for a l l variation. 
Nor does rationing account for the nature of the knapping that took 
p lace , the choice of p a r t i c u l a r methods of r a t ion ing , or the 
differences between stoneworking on chert and on greywacke. These 
issues are investigated in the next chapter. 
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STONE WORKING TECHNOLOGY AT SELECTED SITES ON THE PLAIN 
At Lawn H i l l t h e r e i s a complex and s i g n i f i c a n t i n t e r a c t i o n 
between the s tone m a t e r i a l s and the s tone working technology. Various 
a s p e c t s of s t o n e w o r k i n g a r o s e b e c a u s e t h e k n a p p e r s used r e d u c t i o n 
techniques and s t r a t e g i e s su i t ed to the s i z e , shape, and type of raw 
m a t e r i a l a t hand. This i s not to imply t h a t t h e r e i s on ly one way to 
reduce a p a r t i c u l a r raw m a t e r i a l , nor t h a t a l l knappers were e q u a l l y 
s k i l l e d . N e v e r t h e l e s s , for any one raw m a t e r i a l on ly a l i m i t e d range 
of knapping ac t i ons a re v i a b l e , and on ly an even s m a l l e r range may 
provide outcomes which p l e a s e the knappers . An unders tanding of these 
r e l a t i o n s h i p s be tween s t o n e m a t e r i a l p r o p e r t i e s and k n a p p i n g 
a c t i v i t i e s i s enhanced by d e t a i l e d r e c o n s t r u c t i o n s of t e c h n o l o g y 
based on t h e a r t e f a c t s r e c o v e r e d by s u r f a c e c o l l e c t i o n s and 
excava t ions . 
In t h i s chapter the stoneworking technology used on the p l a i n i s 
i n f e r r e d and i t s r e l a t i o n s h i p s t o t h e p r o p e r t i e s of t h e s t o n e 
m a t e r i a l s i s a s s e s s e d . Most of t h e s i t e s which o c c u r on t h e p l a i n 
c o n t a i n a s s e m b l a g e s which a r e composed p r e d o m i n a n t l y of greywacke 
a r t e f a c t s . The f i v e s i t e s d e s c r i b e d i n t h i s c h a p t e r a r e l o c a t e d i n 
t h e n o r t h e r n p o r t i o n of t h e s t u d y a r e a , w e l l ou t o n t o t h e p l a i n 
( F i g u r e 3 :15) . 
6 .1 DINNER CREEK QUARRY 1 
This s i t e i s l o c a t e d on a low, 2 km l o n g r i d g e r u n n i n g n o r t h -
s o u t h , t o t h e wes t of Dinner Creek i n t h e n o r t h e a s t of t h e s t u d y 
a r e a . The r i d g e i s an o u t c r o p of t h e Pmh4 member of t h e Lawn H i l l 
Formation and i s covered by a t h i n mant le of s i l t s t o n e and greywacke 
blocks and cobb les . Cobbles of greywacke a t t h i s s i t e a re r e l a t i v e l y 
s m a l l , averag ing 215 cm^ (Table 6:1). 
A s c a t t e r of a r t e f a c t s covered the top of the r i dge over an a rea 
a p p r o x i m a t e l y 35 m e a s t - w e s t by 70 m n o r t h - s o u t h . A v e r a g e a r t e f a c t 
2 d e n s i t i e s were 8/m , but a t knapping l o c a t i o n s the d e n s i t i e s l o c a l l y 
2 
exceeded 40/m . One of t he se c l u s t e r s , on the f lood p l a i n immediately 
e a s t of t h e r i d g e , was c o l l e c t e d and examined i n d e t a i l . Th i s 
knapp ing l o c a t i o n c o n s i s t e d of 42 a r t e f a c t s o v e r 6 m . The 
assemblage conta ined seven cores and 35 f l a k e s . A conjoin a n a l y s i s 
r e f i t t e d e l e v e n f l a k e s onto f i v e co res . Using the conjoined a r t e f a c t s 
and the two cores to which f l a k e s were not r e f i t t e d i t was p o s s i b l e 
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t o d e s c r i b e i n d e t a i l seven r e d u c t i o n sequences: 
A = Eight f l a k e s removed from a core . 
B = Ten f l a k e s removed from a core . 
C = Eight f l a k e s removed from a core . 
D = Two f l a k e s removed from a core . 
E = Ten f l a k e s removed from a core . 
F = Seven f l a k e s removed from a core . 
G = Six f l a k e s removed from a core . 
Almost t h r e e - q u a r t e r s of the a r t e f a c t s from t h e s e sequences were 
e i t h e r n o t r e c o v e r e d or n o t r e f i t t e d . D e s p i t e t h i s , a number of 
c h a r a c t e r i s t i c s , such as l e n g t h and t e r m i n a t i o n , could be measured on 
f l a k e s s t r uck from these co res , i n c l u d i n g those which were miss ing . 
A l l s e v e n r e d u c t i o n s e q u e n c e s f o l l o w t h e same p a t t e r n , a 
s i m i l a r i t y t h a t r e f l e c t s the p r o p e r t i e s of the c o b b l e s . The es t ima ted 
d i m e n s i o n s of a l l s e v e n c o b b l e s a r e g i v e n i n T a b l e 6 : 1 . A l l of t h e 
cobbles were oblong, roughly r e c t a n g u l a r i n s e c t i o n ac ros s t he sho r t 
a x i s , and had f l a t s i d e s b u t rounded e n d s . I n a c o b b l e o n l y 7-10 cm 
l o n g , t h i s shape p e r m i t t e d two o p t i o n s f o r t h e k n a p p e r ( s e e F i g u r e 
6:1) Blows c o u l d be p l a c e d on t h e f l a t s u r f a c e s of t h e l o n g a x i s t o 
remove f l a k e s a l o n g t h e s h o r t a x i s . A l t h o u g h t h i s m i g h t a p p e a r a 
p r a c t i c a l s t r a t e g y i t has the d i sadvan tage of producing s m a l l f l a k e s 
(<4-6 cm l o n g ) w i t h s t e e p s i d e s and c o r t e x on a t l e a s t one l a t e r a l 
margin and the d i s t a l end. Moreover, the c o r t e x i s l e s s d e s i r a b l e as 
a p l a t f o r m t h a n a c o n c h o i d a l s u r f a c e , s i n c e i t t r a n s m i t s a p p l i e d 
fo rce l e s s r e a d i l y . Knappers a t Dinner Creek Quarry always eschewed 
t h i s approach, and c o n s i s t e n t l y s e l e c t e d t h e second o p t i o n ( F i g u r e 
6:1). This second procedure i n v o l v e s removing a f l a k e from one end of 
t h e l o n g a x i s and u s i n g t h e c o n c h o i d a l s u r f a c e t h i s c r e a t e d as a 
p l a t f o r m for blows removing f l a k e s from the long a x i s . This s t r a t e g y 
g i v e s t he advantage of e f f i c i e n t t r a n s f e r of fo rce through conchoida l 
p l a t f o r m s , f l a k e s w i t h o u t c o r t e x , f l a k e s w i t h a v a r i e t y of c r o s s -
s e c t i o n s , and the p o s s i b i l i t y of much longer f l a k e s (7-10 cm long) . 
The G e n e r a l i z e d R e d u c t i o n Sequence which o c c u r s a t t h e D inne r 
Creek Quarry i s dep ic t ed i n Figure 6:2. A l l seven r e d u c t i o n sequences 
m e n t i o n e d e a r l i e r f o l l o w t h i s p a t t e r n c l o s e l y . The G e n e r a l i z e d 
Reduct ion Sequence employs the l o n g i t u d i n a l s t r a t e g y whereby one end 
of t he nodule was f l aked off and the conchoida l su r f ace c r e a t e d was 
used as a p l a t f o r m t o remove f l a k e s from the long a x i s . In p r a c t i c e 
t h i s approach i n e v i t a b l y l e d t o two d i f f i c u l t i e s . The f i r s t problem 
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was a f a i l u r e to produce a s u i t a b l e p l a t fo rm by removing one end of 
t h e n o d u l e . Th i s o c c u r r e d on c o r e s C and F, and i n b o t h c a s e s a 
u s a b l e p l a t fo rm was s u c c e s s f u l l y produced by removing a f l a k e from 
the oppos i te end of the cobble . The second problem r e s u l t e d from the 
f a i l u r e of f l a k e s t o run t h e e n t i r e l e n g t h of t h e l o n g a x i s . Th i s 
t rend e v e n t u a l l y r e s u l t e d i n a core wi th a very sma l l p l a t fo rm but a 
much l a r g e r b a s e . Taken f a r enough t h i s t r e n d w i l l a f f e c t t h e 
c h a r a c t e r i s t i c s of t h e f l a k e s removed and can e v e n t u a l l y p r e v e n t 
fu r the r r e d u c t i o n . 
S e r i a l changes i n f l a k e s i z e and shape r e f l e c t t h e g r a d u a l 
man i f e s t a t i on of t h i s second problem. Figure 6:3 shows the changes i n 
f l a k e l e n g t h through four r educ t ion sequences. In a l l four sequences 
the t rend i s the same: an i n i t i a l i nc r ea se i n s i z e , the removal of a 
number of r e l a t i v e l y l a r g e f l a k e s , and f i n a l l y a s h a r p d e c l i n e i n 
f l a k e s i z e . Decreases i n f l a k e l eng th r e s u l t e d i n d i s t i n c t decreases 
i n f l a k e e l o n g a t i o n (Figure 6:4). This decrease i n f l a k e s i z e a t the 
end of each sequence r e f l e c t s the i n a b i l i t y of the knapper t o remove 
f l a k e s which t r a v e l l e d t h e l e n g t h of t h e c o r e . S h o r t e r f l a k e s 
r e s u l t e d from the knapper s t r i k i n g a p l a t fo rm which was much s m a l l e r 
t h a n t h e b a s e of t h e c o r e . I n t h i s s i t u a t i o n many of t h e 
c h a r a c t e r i s t i c s of t h e c o r e , s u c h a s p l a t f o r m a n g l e s , a r e 
i n a p p r o p r i a t e f o r s u c c e s s f u l f l a k e r e m o v a l and t h e l i k e l i h o o d of 
abrupt f l a k e t e rmina t ions i s g r e a t l y inc reased . F igure 6:5 shows the 
changes i n f l a k e t e r m i n a t i o n f o r f i v e of t h e r e d u c t i o n s e q u e n c e s . 
Non-feather t e rmina t ions were r a r e a t the beginning of r educ t ion , but 
became ve ry f requent towards the end of r educ t ion . The e f f e c t of non-
f e a t h e r t e r m i n a t i o n s can be i n t e r p r e t e d i n two ways. F i r s t l y , 
t r u n c a t i n g s t e p and h i n g e t e r m i n a t i o n s make t h e p r o b l e m w o r s e . 
Because hinge and s t e p t e rmina t ions reduce the a rea of t he p l a t fo rm 
and not the base of the core they exaggera te the u n d e s i r a b l e f e a t u r e s 
of the core . This makes the l i k e l i h o o d of abrupt t e rmina t ions s e l f -
r e i n f o r c i n g ; once t h e p r o b l e m of c o r e shape becomes p ronounced t h e 
p r o b a b i l i t y of s t e p and hinge t e rmina t ions i s g r e a t e r , and when they 
occu r t h e y magni fy t h e p r o b l e m of c o r e s h a p e , making a b r u p t 
t e r m i n a t i o n s e v e n more l i k e l y . S e c o n d l y , t h i s d a n g e r o u s p o s i t i v e 
f e e d - b a c k can be overcome by r e m o v i n g t h e b a s e of t h e c o r e on an 
o u t r e p a s s e f l a k e . O u t r e p a s s e f l a k e s were s t r u c k i n r e d u c t i o n 
s e q u e n c e s C and E, b u t i n b o t h c a s e s r e d u c t i o n came t o a h a l t o n l y 
one or two blows l a t e r because t he core was too s m a l l . 
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The f a i l u r e of f l a k e s t o extend the complete l e n g t h of t he core 
can be q u a n t i f i e d d i r e c t l y by d i v i d i n g t h e p l a t f o r m a r e a by t h e 
c r o s s - s e c t i o n a l a r e a of t h e c o r e b a s e . F i g u r e 6:6 shows how t h i s 
c a l c u l a t i o n i s made. Values g r e a t e r than 1.0 occur when t h e p l a t f o r m 
i s l a r g e r t h a n t h e b a s e of t h e c o r e , and v a l u e s l e s s t h a n 1.0 o c c u r 
when t h e p l a t f o r m i s s m a l l e r t h a n t h e c o r e b a s e . V a l u e s become 
p r o g r e s s i v e l y s m a l l e r w i t h t h e c o n t i n u e d f a i l u r e of f l a k e s t o r u n 
t h r o u g h t h e c o r e . R e l a t i v e p l a t f o r m s i z e can be m e a s u r e d on t h e 
r e c o n s t r u c t e d c o r e s as t h e y were i m m e d i a t e l y a f t e r t h e c o n c h o i d a l 
p l a t f o r m sur face was c r ea t ed but before f l a k i n g down t h e long ax i s 
had begun and on t h e same c o r e s a s t h e y were when t h e y were 
d i sca rded . Because v a l u e s can be c a l c u l a t e d for each of t he r e d u c t i o n 
sequences a t t h e s e two p o i n t s i n t h e i r r e d u c t i o n , i t i s p o s s i b l e to 
measure t he change i n core shape throughout each sequence. 
Sequen t i a l changes i n core shape a r e p l o t t e d a g a i n s t weight i n 
F igure 6:7. I n i t i a l core shapes and s i z e s a r e s i g n i f i e d by upper case 
and t h e s i z e and shape of t h e d i s c a r d e d c o r e by l o w e r c a s e . S e v e r a l 
p o i n t s can be made a b o u t t h e t r e n d s r e f l e c t e d i n t h i s d i a g r a m . 
F i r s t l y , as r e d u c t i o n p r o c e e d e d , i n d i c a t e d by a d e c r e a s e i n c o r e 
w e i g h t , t h e s i z e of t h e p l a t f o r m r e l a t i v e t o t h e b a s e of t h e c o r e 
a l s o decreased . 
S e c o n d l y , t h e c h a r a c t e r i s t i c s of t h e d i s c a r d e d c o r e s s u g g e s t 
t h a t t h e r e a r e two impermeable t h r e s h o l d s . One t h r e s h o l d i s s imply 
r e l a t e d t o w e i g h t : none of t h e c o r e s was r e d u c e d t o l e s s t h a n 70-80 
grams. Cursory i n s p e c t i o n s a t the quar ry i n d i c a t e d t h a t none of the 
c o r e s worked t h e r e had become l i g h t e r t h a n t h i s w e i g h t - The o t h e r 
t h r e s h o l d i s p r i m a r i l y r e l a t e d t o c o r e s h a p e . A l t h o u g h t h e y were 
r e l a t i v e l y h e a v y , c o r e s a, b and g were n o t r e d u c e d f u r t h e r , 
sugges t ing t h a t i r r e s p e c t i v e of s i z e , knapping became i m p o s s i b l e when 
p l a t f o r m area was 35-45Z of t he a rea of t he core base . 
T h i r d l y , i t i s suggested t h a t knapping problems, such as abrupt 
t e r m i n a t i o n s , became more pronounced towards t h e end of each sequence 
b e c a u s e t h e c o r e s were a p p r o a c h i n g t h e l i m i t s of s i z e and shape 
w i t h i n which t h i s r e d u c t i o n s t r a t e g y could be s u c c e s s f u l . 
I suggest t h a t i t was a l a c k of op t ions which caused a l l seven 
r e d u c t i o n sequences t o f o l l o w so c l o s e l y t h e same t r e n d . Given the 
n a t u r e of c o r t e x , c o b b l e s i z e and s h a p e , and t h e a p p a r e n t 
d e s i r a b i l i t y of l a r g e e l o n g a t e f l a k e s , i t i s a r g u e d t h a t t h e 
g e n e r a l i z e d r e d u c t i o n sequence employed was t he o n l y v i a b l e s t r a t e g y . 
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Inheren t i n t h i s s t r a t e g y , however, was the danger t h a t f l a k e s would 
t e r m i n a t e s h o r t , a l l o w i n g t h e c o r e b a s e t o r ema in m a s s i v e w h i l s t 
s t e a d i l y reducing the s i z e of the p la t fo rm. This problem developed 
r a p i d l y i n a l l s e q u e n c e s , t a k i n g a t most t e n b lows b e f o r e t h e c o r e 
reached u s e l e s s p ropor t ions . In r e p l i c a t i v e experiments i n the f i e l d 
these problems were a l s o encountered and i t may be t h a t t h e r e i s no 
way t o a v o i d t h e t r e n d s o b s e r v e d a r c h a e o l o g i c a l l y g i v e n t h e s i z e , 
shape and f r a c t u r e p r o p e r t i e s of t h e s e c o b b l e s and t h e c h o i c e of 
reduc t ion s t r a t e g y . The p r e h i s t o r i c knappers who worked t h i s quarry 
d i d a t t e m p t t o m a i n t a i n t h e c o r e shape by s t r i k i n g of f o u t r e p a s s e 
f l a k e s where p o s s i b l e , but i t seems they had no s o l u t i o n t o the dua l 
problem of decreas ing mass and i n c r e a s i n g l y i n a p p r o p r i a t e core shape. 
For t h e s e r e a s o n s , t h e r e d u c t i o n a t t h i s q u a r r y was e x t r e m e l y 
c o n s i s t e n t ; every r educ t ion sequence a t the s i t e fo l lowed the same 
p a t t e r n , the knappers employed the same s t r a t e g y and encountered the 
same problems. I f the nodules of raw m a t e r i a l had been l a r g e r , more 
opt ions may have been a v a i l a b l e t o the knapper and so the v a r i a t i o n 
between r e d u c t i o n s e q u e n c e s would h a v e been l a r g e r even i f t h e 
knappe r s f o l l o w e d t h e same b a s i c s t r a t e g y . O u t c r o p s of greywacke 
a l o n g Page Creek h a v e much l a r g e r n o d u l e s t h a n a t Dinner Creek and 
more complex and v a r i e d r educ t ion sequences a r e found t h e r e . 
6.2 PAGE CREEK QUARRY 1 
This s i t e i s l oca t ed on a s t eep rounded h i l l p ro t rud ing from the 
f lood p l a i n i n the nor th-wes t of t he study a rea . Running roughly west 
to ea s t the h i l l i s 3 km long, bounded on the west by Lawn H i l l Creek 
and on t h e e a s t by t h e s e a s o n a l Page Creek . L ike t h e Dinne r Creek 
Quar ry , t h i s h i l l c o n s i s t s of an o u t c r o p of t h e Pmh 4 member of t h e 
Lawn H i l l Formation which i s covered by a t h i n man t l e of s i l t s t o n e 
and greywacke cobbles and b l o c k s . The s i z e of t h e s e nodules averages 
approximately 5,300 cm and where they were of s u i t a b l e q u a l i t y and 
form t h e y were q u a r r i e d and r e d u c e d . The r e s u l t i n g s c a t t e r of 
a r t e f a c t s i s r e s t r i c t e d t o the sou thern face and e a s t e r n end of t he 
h i l l , and c o v e r s an a r e a 85 m n o r t h w e s t t o s o u t h e a s t by 110 m 
no r theas t t o southwest. Ar t e f ac t d e n s i t i e s were es t imated t o average 
7/m , but v a r i e d between l/4m^ and 39/m^. 
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Greywacke at this site is characteristically a dark, vivid blue-
grey, but the surface of many artefacts has been weathered to a light 
grey colour. As a consequence, the assemblage at the site appeared to 
be relatively homogeneous, and even if knapping floors remained 
intact they were not readily distinguished from each other or from 
surrounding artefacts. Because analysis of knapping floors was the 
most appropriate way to obtain detailed data on manufacturing 
procedures employed, it was decided to surface collect at locations 
where knapping floors of unweathered stone were easily recognizable. 
Three knapping locations were collected, two on the western margin of 
the site, and one on the southern portion of the scatter. 
KNAPPING LOCATION 1 
The largest conjoin set reconstructed was from Knapping Location 
1 on the west of the site. One third of the 85 recovered artefacts 
were refitted in a conjoin analysis to form a single conjoin set. 
This conjoin set consists of 29 refitted artefacts and reflects the 
reduction of one cobble by 58 blows. Twenty-nine flakes indicated by 
negative scars are missing, although many characteristics about each 
flake can still be measured. Most flakes were struck directly from 
the core, but eleven flakes were removed from a large retouched 
flake. In Figure 6:8, the reduction of the boulder is illustrated by 
a section through the reconstructed cobble. The first four blows were 
placed on a relatively angular portion of the core where the cortex 
was thin and hard. The four flakes resulting from these blows are 
relatively short but produced a conchoidal platform suitable for 
removal of a large flake (#5). At this point the knapper had produced 
a core with a broad and largely flat conchoidal surface. The next 42 
flakes were struck from this surface (see Figure 6:8). 
Changes throughout this sequence can be quantified. Flake length 
varied greatly throughout the sequence, but the overall trend was for 
an initial increase followed by a gradual but consistent decrease 
(Figure 6:9). Flake width and ventral surface area was greatest at 
the beginning of the sequence and decreased during reduction (Figures 
6:10 and 6:11). Large flakes struck at the start of reduction removed 
a large quantity of cortex, and by halfway through the reduction 
sequence all cortex was removed from the core face and non-cortical 
flakes were being produced (Figure 6:12). The last two flakes removed 
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from the core a l s o removed co r t ex because the knapper was l o c a t i n g 
b lows a t t h e v e r y edges of t h e c o r e f a c e , p r o b a b l y i n an a t t e m p t t o 
prolong reduc t ion . 
Pla t forms of f l a k e s were r e l a t i v e l y l a r g e a t the e a r l y phase of 
reduc t ion , but became much s m a l l e r once r educ t ion was r e s t r i c t e d to 
one p l a t f o r m and a p p r o p r i a t e r i d g e s and a n g l e s had formed ( F i g u r e 
6:13) . This p a t t e r n r e f l e c t s t h e g r e a t e r p r o x i m i t y t o t h e p l a t f o r m 
edge of b lows which k n a p p e r s were a b l e t o a p p l y when t h e y had 
c o n t r o l l e d core shape. Despi te t h i s i n d i c a t i o n of inc reased c o n t r o l 
over p la t fo rm c h a r a c t e r i s t i c s , the frequency of p rob lema t i c f e a t u r e s 
i n c r e a s e d a s c o r e s i z e d i m i n i s h e d . F l a k e s w i t h n o n - f e a t h e r 
t e r m i n a t i o n s o c c u r r e d t h r o u g h o u t t h e r e d u c t i o n s e q u e n c e , b u t were 
d i s t i n c t l y more f requent towards the end (Figure 6:14). Moreover, the 
r e l a t i v e f r e q u e n c y of s t e p t e r m i n a t i o n s compared w i t h h i n g e 
t e r m i n a t i o n s was m a r k e d l y h i g h e r i n t h e l a s t t h i r d of t h e s equence 
( F i g u r e 6 :15) . U n l i k e t h e r e d u c t i o n of c o b b l e s a t Dinner Creek t h e 
o c c u r r e n c e of h i n g e and s t e p t e r m i n a t i o n s d i d n o t l e a d d i r e c t l y t o 
t h e co re b e i n g abandoned . Knappers ove rcame t h i s p r o b l e m i n t h r e e 
ways. F i r s t l y , on four occasions ou t repasse t e rmina t ions removed the 
base of the core and a l l of the p r o j e c t i o n s l e f t by p rev ious abrupt 
t e rmina t ions . Secondly, the l a r g e s i z e of the core a l lowed s t eps to 
be removed by l a t e r a l s h i f t s i n t h e b l o w s , some th ing t h a t was n o t 
f e a s i b l e on t h e c o r e s from Dinne r Creek. T h i r d l y , a l t h o u g h n e v e r 
common, overhang removal was on ly c a r r i e d out i n the l a t t e r p a r t of 
the sequence, sugges t ing t h a t the knappers employed t h i s procedure as 
a response to p rob lemat ic f l a k e t e r m i n a t i o n s . 
These p r o c e d u r e s e n a b l e d t h e k n a p p e r s t o m a i n t a i n r i d g e s and 
p la t form a n g l e s , r e s u l t i n g i n an i n c r e a s e i n the cons i s t ency of f l a k e 
r e m o v a l s t h r o u g h o u t t h e s equence ( F i g u r e 6 :16) . F l a k e e l o n g a t i o n 
i n i t i a l l y inc reased as r i dges were s e t up but decreased a t the end of 
the sequence as core s i z e was reduced and abrupt t e rmina t ions became 
more common. 
Reduction ceased when very l i t t l e unweathered m a t e r i a l remained 
on the core . Well def ined p a r a l l e l r i d g e s e x i s t e d but the core face 
was e x t r e m e l y f l a t , and t h e o n l y p a r t s of t h e c o r e which c o n t a i n e d 
sharp c u r v a t u r e which might have se rved as a pronounced r i dge were 
c o r t i c a l . 
Most of t he f l a k e s which were not r e f i t t e d were s t r u c k towards 
the end of the r educ t ion sequence (Figure 6:17). I t i s not r e a s o n a b l e 
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t o s u g g e s t t h a t a l l of t h e s e m i s s i n g f l a k e s were c a r r i e d away from 
t h e q u a r r y f o r u s e , b e c a u s e a number of t h e s m a l l e r f l a k e s may n o t 
h a v e been r e c o v e r e d or r e f i t t e d and a t l e a s t two of t h e f l a k e s 
removed e a r l y i n t h e s e q u e n c e would h a v e had edges of s o f t c o r t e x . 
N e v e r t h e l e s s , t h e r e i s a d i s t i n c t p a t t e r n i n t h e s i z e and shape of 
m i s s i n g f l a k e s ( F i g u r e 6 :18) . M i s s i n g f l a k e s a r e s h o r t e r t h a n most 
r e f i t t e d f l a k e s of t h e same e l o n g a t i o n , and t h e s t r e n g t h of t h e 
r e l a t i o n s h i p between l e n g t h (L) and e l o n g a t i o n (E) of miss ing f l a k e s , 
d e s c r i b e d by t h e e q u a t i o n L = 1.71E + 0.74, i s gauged by an r of 
0.9224. On t h i s b a s i s , i t i s suggested t h a t t he p r e h i s t o r i c knappers 
were r e m o v i n g o n l y f l a k e s of a p a r t i c u l a r s h a p e f o r u s e a n d / o r 
r e touch ing e l sewhere . 
KNAPPING LOCATION 2 
At t h e s e c o n d k n a p p i n g l o c a t i o n , two c o n j o i n s e t s w e r e 
r e c o n s t r u c t e d . The c o n j o i n s e t s and r e d u c t i o n s e q u e n c e s t h e y 
r e p r e s e n t a r e as f o l l o w s : 
A = Twenty f o u r f l a k e s and f l a k e f r a g m e n t s f i t t i n g t o a c o r e 
and r e f l e c t i n g a sequence of 41 blows. 
B = Ten f l a k e s r e f i t t e d t o a co re , r e p r e s e n t i n g a sequence of 
e l e v e n blows. 
The f i r s t c o n j o i n s e t examined . S e t A, shows a p a t t e r n of 
r e d u c t i o n s i m i l a r t o t h a t desc r ibed for knapping l o c a t i o n 1. Figure 
6:19, a s e c t i o n through the r e c o n s t r u c t e d c o b b l e , shows the s t r a t e g y 
of f l a k e removal . The f i r s t blows were p l a c e d on an a n g u l a r p o r t i o n 
of t he core where t he c o r t e x was t h i n . Af ter t h r e e r e l a t i v e l y shor t 
f l a k e s produced a conchoidal su r face a l a r g e f l a k e was removed. This 
l a r g e n e g a t i v e sca r was used as a p l a t f o r m from which an even l a r g e r 
f l a k e (# 8) was s t ruck . The su r face c r e a t e d by t h i s f l a k e was used as 
t he p l a t f o r m for t he next 33 blows (see F igure 6:19). Throughout t h i s 
s e q u e n c e f l a k e l e n g t h i n i t i a l l y i n c r e a s e d a s t h e p l a t f o r m s were 
c r e a t e d and t h e n g r a d u a l l y d e c r e a s e d . C o r t e x was removed from t h e 
core face midway through the sequence. P l a t fo rms of f l a k e s were ve ry 
l a r g e for t he f i r s t t e n blows, but bec£ime much s m a l l e r once r e d u c t i o n 
was r e s t r i c t e d t o one p l a t f o r m and a p p r o p r i a t e r i d g e s and a n g l e s had 
been formed (Figure 6:20). As p l a t f o r m a r e a s decreased the frequency 
of n o n - f e a t h e r t e r m i n a t i o n s i n c r e a s e d ( F i g u r e 6 :21 ) , r e f l e c t i n g 
i n c r e a s e d d i f f i c u l t i e s i n a p p l y i n g the a p p r o p r i a t e amount of fo rce 
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for producing e longa t e t h i n f l a k e s . P r o j e c t i o n s on the core face were 
removed by s h i f t i n g f l a k e removals l a t e r a l l y and by s t r i k i n g off an 
ou t repasse . Overhang removal was a l s o employed immediately a f t e r s t ep 
and hinge t e rmina t ions but not a t o the r t imes . 
Conjoin s e t B, w h i l e showing many of the t r ends d i s p l a y e d by the 
sequences a l r e a d y desc r ibed , encountered and f a i l e d t o overcome the 
problems a s soc i a t ed wi th forming the p la t fo rm. The r e d u c t i o n sequence 
r e p r e s e n t e d by t h i s c o n j o i n s e t c o n s i s t s of e l e v e n f l a k e s removed 
from a core . Only one of these e l e v e n f l a k e s was not recovered . Since 
t h i s f l a k e was s m a l l , hinge te rmina ted and probab ly l o n g i t u d i n a l l y 
cone s p l i t , i t can r e a s o n a b l y be a r g u e d t h a t t h e a b s e n c e of t h i s 
f l a k e was m e r e l y a r e s u l t of e i t h e r i t s b u r i a l or of a f a i l u r e t o 
recover i t i n the smal l a rea which was c o l l e c t e d . I f t h i s i s the case 
none of the f l a k e s s t ruck from the core was t r a n s p o r t e d from the s i t e 
or used. This r e f l e c t s the d i f f i c u l t i e s encountered by the knapper. 
Figure 6:22 i l l u s t r a t e s the r educ t ion of the cobble r ep resen ted 
by Conjo in Se t B by showing a c r o s s - s e c t i o n of t h e r e c o n s t r u c t e d 
boulder . Three f l a k e s were s t ruck from the narrow ax i s a t one end of 
the cobble . A l l t h r e e blows were p laced on a r e l a t i v e l y t h i n and f l a t 
area of cor tex . The f i r s t two f l a k e s were l o c a t e d on cu rv ing sur faces 
and produced s m a l l f l a k e s . The t h i r d f l a k e p roduced a l a r g e b u t 
u n d u l a t i n g c o n c h o i d a l s u r f a c e t h a t was used as a p l a t f o r m f o r a 
f u r t h e r e i g h t b lows which removed f l a k e s from t h e l o n g a x i s of t h e 
cobble. Trends through the sequence were v i r t u a l l y i d e n t i c a l t o those 
found i n t h e o t h e r c o n j o i n s e t s . F l a k e s i z e i n c r e a s e d i n i t i a l l y , 
peaking a t f l a k e s 3 and 4, and then decreased. The q u a n t i t y of co r t ex 
removed on f l a k e s and t h e p l a t f o r m a n g l e s on t h e c o r e d e c r e a s e d as 
the conchoidal p l a t fo rm was produced. P la t forms were l a r g e s t a t the 
b e g i n n i n g of r e d u c t i o n and d i m i n i s h e d i n s i z e t h r o u g h o u t t h e 
sequence. Abrupt t e rmina t ions were most f requent i n t he second h a l f 
of t h e s e q u e n c e . F l a k e e l o n g a t i o n and t h e i n d e x of c o n s i s t e n c y was 
g r e a t e s t i n the middle and f i n a l p o r t i o n s of t he sequence. 
Reduction ceased a f t e r 11 f l a k e s had removed the f l a t p o r t i o n of 
the p la t fo rm, l e a v i n g a s h a r p l y u n d u l a t i n g su r face . Since the core 
was o v e r 3 kg i n w e i g h t , c o n t a i n e d d i s t i n c t r i d g e s and an a d e q u a t e 
shape, i t i s l i k e l y t h a t had the f l a k e which formed the p l a t fo rm been 
f l a t i n s t e a d of u n d u l a t i n g , r e d u c t i o n may have cont inued. 
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KNAPPING LOCATION 3 
E i g h t y a r t e f a c t s r e c o v e r e d from t h i s l o c a t i o n were r e f i t t e d i n t o 
t h r e e c o n j o i n s e t s , e ach r e p r e s e n t i n g an e n t i r e r e d u c t i o n s e q u e n c e . 
The c o n j o i n s e t s can be summarized a s f o l l o w s : 
A = T w e n t y two f l a k e s a n d f l a k e f r a g m e n t s f i t t i n g o n t o a 
c o r e , r e f l e c t i n g a r e d u c t i o n s e q u e n c e of 29 f l a k e s . 
B = E i g h t e e n f l a k e s and f l a k e f r a g m e n t s f i t t i n g o n t o a c o r e , 
r e f l e c t i n g t h e r e m o v a l of 33 f l a k e s . 
C = E l e v e n f l a k e s and f l a k e f r a g m e n t s f i t t i n g o n t o a c o r e and 
r e f l e c t i n g t h e r e m o v a l of 19 f l a k e s -
C o n j o i n S e t s B and C a r e s i m i l a r t o S e t B a t Knapping L o c a t i o n 2 
( F i g u r e s 6 : 2 3 - 2 4 ) . I n b o t h t h e s e r e d u c t i o n s e q u e n c e s t h e c o n c h o i d a l 
p l a t f o r m was formed by s t r i k i n g one l a r g e f l a k e from t h e s h o r t a x i s 
of t h e c o b b l e . T h i s p l a t f o r m was u s e d f o r a l l f u r t h e r b l o w s t o t h e 
c o r e . F l a k e l e n g t h d e c r e a s e d g r a d u a l l y d u r i n g r e d u c t i o n . E l o n g a t i o n 
and r i d g e r e g u l a r i t y i n c r e a s e d t h r o u g h t h e s e q u e n c e s , d e c l i n i n g o n l y 
t o w a r d s t h e end w h e r e p r o b l e m s w e r e e n c o u n t e r e d . N o n - f e a t h e r 
t e r m i n a t i o n s , a n d s t e p t e r m i n a t i o n s i n p a r t i c u l a r , i n c r e a s e d 
d r a m a t i c a l l y i n t h e f i n a l p o r t i o n o f t h e s e q u e n c e , r e f l e c t i n g 
d e v e l o p i n g d i f f i c u l t i e s i n s t r i k i n g o f f l o n g t h i n f l a k e s from c o r e s 
of d e c r e a s i n g s i z e . The k n a p p e r ( s ) r e s p o n d e d t o t h i s t r e n d by 
r e g u l a r l y r e m o v i n g p l a t f o r m o v e r h a n g a t a p p r o p r i a t e p o r t i o n s of t h e 
c o r e , by moving b l o w s l a t e r a l l y a l o n g t h e p l a t f o r m , and by s t r i k i n g 
o f f l a r g e f l a k e s . These p r o c e d u r e s e n a b l e d r e d u c t i o n t o p r o c e e d f o r 
1 0 - 1 5 b l o w s a f t e r t h e s e p r o b l e m s a r o s e , b u t t h e y d i d n o t h a l t t h e 
t r e n d t o w a r d s more f r e q u e n t s t e p t e r m i n a t i o n s . P r o b l e m s of c o r e shape 
w h i c h r e s u l t e d from c o n t i n u e d s t e p t e r m i n a t i o n s and s m a l l c o r e mass 
e v e n t u a l l y p r e v e n t e d f u r t h e r r e d u c t i o n . 
C o n j o i n S e t A d i f f e r s from t h e o t h e r r e d u c t i o n s e q u e n c e s a t t h i s 
l o c a t i o n i n two ways . F i r s t l y , l i k e t h e r e d u c t i o n a t L o c a t i o n 1 and 
i n C o n j o i n S e t A a t L o c a t i o n 2 , a c o n c h o i d a l s u r f a c e s u i t a b l e a s t h e 
m a i n p l a t f o r m was n o t b e c r e a t e d by t h e f i r s t f l a k e . I n t h i s 
i n s t a n c e , t h e m a i n p l a t f o r m was n o t c r e a t e d u n t i l t h e f o u r t h f l a k e 
was removed ( F i g u r e 6 :25) . S i x t e e n f l a k e s w e r e t h e n s t r u c k from t h i s 
s u r f a c e . The changes i n d e b r i s t h r o u g h t h i s s e q u e n c e a r e v e r y s i m i l a r 
t o t h o s e a t L o c a t i o n 1. 
T h e s e c o n d d i f f e r e n c e i s t h a t t h e k n a p p e r r e s p o n d e d t o 
i n c r e a s i n g l y f r e q u e n t s t e p t e r m i n a t i o n s i n a way n o t s e e n i n t h e 
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other reconstructed reduction sequences. Figure 6:26 shows the 
percentage of flake removals with non-feather terminations at 
different phases of reduction. Between the tenth and twenty-first 
flakes, non-feather terminations became common, threatening to 
prevent further reduction. To overcome this problem the knapper 
located blows farther from the edge of the core and increased the 
amount of force, thereby increasing the size of the platform area 
(Figure 6:27) and the size of the flakes (Figure 6:28). The knapper 
also moved blows laterally along the platform to exploit the best 
ridges. Platform overhang was not removed. These procedures were 
observed on the other conjoin sets in similar situations. In this 
case the application of these procedures did not stabilize core shape 
and hinge and step terminations continued to be prevalent. When the 
twenty-first flake had been removed, the core had reached a state in 
which no large flakes could be struck from the platform, because the 
platform was much smaller than the core base. Rather than abandoning 
the core, the knapper initiated a new platform on the core face and 
struck a further ten flakes from the base of the core (Figure 6:25). 
Angles and ridges associated with this new platform were more 
appropriate, and the knapper immediately achieved a better balance of 
knapping variables, reflected in the lack of non-feather terminations 
(Figure 6:26). This balance was not permanent, and soon all of the 
flakes being removed from this new platform were step terminated 
(Figure 6:26), and the core was abandoned. 
GENERALIZED REDUCTION SEQUENCE 
The first concern of the knapper(s) was to create a conchoidal 
platform. This concern was generated by the inability of cortex to 
effectively transfer force. In striking the cobble for the first time 
there was therefore great advantage in locating the blow on a surface 
with relatively thin cortex. Thin cortex appears to be hard and 
smooth compared with the thicker cortex, and the differences were 
distinct enough for prehistoric knappers to consistently identify 
thin from thick cortex. Table 6:2 demonstrates that in each of the 
six reduction sequences examined in detail the knapper's first blow 
was located on a surface with much thinner cortex than usual. The 
positioning of these surfaces on the cobble was not a matter of 
choice, and the initial stages of reduction were determined by the 
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type of flake which could be removed by a blow to this surface. On 
some of the cobbles the surface containing thin cortex was relatively 
flat and located parallel to the long axis. In these cases the 
conchoidal platform was created simply by one or two forceful blows 
to the surface. On other cobbles the surface of thin cortex was 
concave and/or located on a rounded portion of the core. In such 
cases, flakes removed were short and provided surfaces which were 
inappropriate as permanent platforms. Blows on these platforms could, 
however, produce further conchoidal surfaces which might be suitable 
as permanent platforms. Variations in the shape of the cobbles, and 
in the location on those cobbles of surfaces with thin cortex, 
account for many of the differences observed on the individual 
reduction sequences at this site. 
Once a major platform had been formed, the knapper's concern was 
to produce long flakes and maintain ridges and suitable platform 
angles. As reduction proceeded it became increasingly difficult to 
achieve these objectives, reflected in the trend towards a greater 
proportion of non-feather terminations. When step and hinge 
terminations occurred the knappers employed five different procedures 
to maintain core shape. In order of the frequency of application 
these procedures were: 
1. Striking the platform to the side of step terminated scars. 
2. Striking further from the core edge. 
3. Removing platform overhang. 
4. Production of outrepasse terminations. 
5. Initiation of a second platform positioned to remove the 
base of the core. 
Only a few of these procedures were employed in any one reduction 
sequence or at any one phase of reduction. All five procedures were 
probably known to and used by all knappers working at the quarry, but 
each procedure was employed only in suitable circumstances. 
Knappers were generally successful in maintaining suitable core 
shape. This is reflected in the narrow width of the reduction pathway 
shown in Figure 6:29. Core shape changed only minimally through the 
reduction of each cobble, and the variation in core shapes between 
reduction sequences is small compared with the Dinner Creek Quarry. 
This standardization can be attributed directly to the success of the 
knapper in setting up ridges, regularly removing flakes of similar 
sizes, and correcting unfavorable changes in the core shape. 
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Success in maintaining core shapes and in overcoming problems 
enabled the knapper to remove a large number of flakes (Table 6:3). 
The number of flakes struck off in different reduction sequences 
ranged from 11 to 46 and averaged 30. These flakes tended to be 
large, ranging from 1.7 cm to 23.7 cm but averaging 9.4 cm long. In 
this way cobbles were greatly reduced in size, some from more than 7 
kg to less than 1 kg. Indeed, the majority of cores weighed less than 
1 kg when they were discarded (Figure 6:30), indicating that it is 
only in the final phase of reduction, when cores were small, that the 
procedures employed commonly failed to overcome problems of core 
shape and size. 
Reduction of cobbles at this site differed from the sequences at 
the Dinner Creek Quarry in several ways. Here the large cross-
sectional area and rounded shape of the cobbles meant that more than 
one flake was needed to remove cortex and form an initial conchoidal 
platform. This led knappers to strike off large, wide flakes, 
occasionally producing undulating surfaces of the type seen in 
conjoin set B at the second knapping location. Alternatively, or 
additionally, the cross-sectional area of the core was reduced by 
removing two or three large flakes along the long axis immediately 
before or after the main conchoidal platform is established. This 
pattern is exemplified by the reduction at Knapping Location 1. 
Reduction sequences at this quarry tended to be much longer and less 
susceptible to problems relating to small platforms and large core 
bases than those at Dinner Creek Quarry. These characteristics are 
ultimately reflect differences in the dimensions of the cobbles at 
the two sites. While at Dinner Creek Quarry the length of cobbles was 
on average 1.9 times greater than the distance across the platform, 
at Page Creek the average length of cobbles was less than 1.1 times 
greater than the platform. Initially larger platforms relative to 
core size meant that at Page Creek, knappers were less likely to have 
flakes which did not run the entire length of the core. When flakes 
did terminate abruptly, leaving protruding portions on the core base, 
the large size of the cobble permitted a number of responses that 
were not feasible at Dinner Creek: removal of the core base on flakes 
with outrepasse terminations, rotation of the core to strike the base 
off, and lateral shifts in blow location to alter core morphology. 
Although there are differences between the reduction of 
greywacke at quarries on Dinner and Page Creeks, there are many 
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s imilar i t ies between the two si tes which ref lect s imilar i t ies in the 
proper t ies of the greywacke cobbles. The s t ra tegy of reduction 
employed at both si tes involved i n i t i a l l y removing a small number of 
f lakes from the short axis of the cobble to create a conchoidal 
surface. This surface was used as a platform to remove r e l a t i v e l y 
la rge and elongate f lakes from the long axis of the cobble. 
S i m i l a r i t i e s in trends throughout the reduction sequences r e f l e c t 
these s imilar i t ies in strategy. For example, flake length increased 
rapidly and then decreased through the sequences, elongation peaked 
in the middle of the sequence when ridges were es tab l i shed and 
knapping problems were not manifest, and non-feather terminations 
were much more frequent at the end of reduction. 
Although the strategies of reduction were essent ia l ly the same 
at each of these three knapping locations, i t is possible that this 
strategy developed only in r e l a t ive ly recent times. This possibi l i ty 
was checked by recording in the f i e l d a sample of one hundred 
weathered f lakes . The proportions of a t t r i b u t e s on a samples of 
weathered f lakes i s compared with f lakes from the fresh knapping 
f loors in Table 6:4. The two samples are extremely s imi la r in the 
percentage of flakes which are broken, have overhang removal or edge 
damage. Flake sizes and decor t i ca t ion c h a r a c t e r i s t i c s are a l so 
similar in both samples. The elongation of flakes in the two sfimples 
is d is t inc t ly different, however, with a greater proportion of fresh 
a r t e f ac t s being elongate . Focalized platforms and platforms with 
c o r t i c a l surfaces are more frequent in the sample of weathered 
artefacts. These differences may indicate that the weathered sample 
does not charac ter ize the reduction sequence as accura te ly as the 
f lakes drawn from the fresh i n t a c t knapping f l o o r s , tha t the 
differences between the fresh and weathered samples simply reflects 
v a r i a t i o n which might occur within e i the r the fresh or weathered 
Generalized Reduction Sequences, or that the reduction of weathered 
a r t e f ac t s was cons i s t en t l y d i f fe ren t than the l a t e r reduction of 
fresh a r t e f a c t s . S i m i l a r i t i e s in the s ize and shape of fresh cores 
and weathered cores suggested that a l l of the debris was produced by 
the app l i ca t ion of the same Generalized Reduction Sequence. This 
hypothesis was tested at a second quarry found at Page Creek. 
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6.3 PAGE CREEK QUARRY 2 
This site is located in the northwest of the study area, close 
to Page Creek Quarry 1. A high, steep, rounded hill immediately east 
of Page Creek contains an outcrop of the Pmh4 member of the Lawn Hill 
Formation. On the crest and western flank of the hill there is a 
scatter of chipped stone artefacts reflecting the quarrying 
activities carried out there. Artefact densities are lower than at 
2 
t h e nea rby Page Creek Quarry 1, a v e r a g i n g 2-3/m . Th is s c a t t e r of 
a r t e f a c t s occurs mainly on the f l a t a reas on the c r e s t and k n o l l s on 
the western f l ank ; a r t e f a c t s a re r a r e on the s t eepe r s l o p e s . 
Comparison of the a t t r i b u t e s on weathered f l a k e s from Page Creek 
Quarry 2 w i t h t h o s e from Knapping L o c a t i o n 1 a t Page Creek Quar ry 1 
showed t h a t the morphologica l c h a r a c t e r i s t i c s of the knapping d e b r i s 
from these two s i t e s a re ext remely s i m i l a r (Table 6:5). A r t e f a c t u a l 
m a t e r i a l a t t h i s q u a r r y d i f f e r s i n two ways from t h e a r t e f a c t s a t 
Page Creek Quarry 1: 
1. None of the a r t e f a c t s have f r e sh su r f aces . On the con t r a ry , 
a l l a r t e f a c t s u r f a c e s a r e p a t i n a t e d and many s u r f a c e s a r e 
h e a v i l y encrus ted , a l though r e c e n t l y broken edges r e v e a l the 
same d a r k v i v i d b l u e - g r e y c o l o u r t y p i c a l of t h e greywacke 
found a t Page Creek Quarry 1. 
2. As a r e s u l t of g e n e r a l l y l ower a r t e f a c t d e n s i t i e s , and 
probably l e s s stoneworking a c t i v i t y , sma l l and r e l a t i v e l y high 
d e n s i t y c l u s t e r s of a r t e f a c t s r e p r e s e n t i n g k n a p p i n g f l o o r s 
remain d i s c r e t e . 
The c o n j u n c t i o n of t h e s e two c h a r a c t e r i s t i c s meant t h a t t h i s 
s i t e p e r m i t t e d t h e d e t a i l e d s t u d y of s t o n e r e d u c t i o n r e f l e c t e d i n 
h i g h l y w e a t h e r e d a r t e f a c t s , a t a s k which had n o t been p o s s i b l e a t 
Page Creek Quar ry 1. A c c o r d i n g l y , a c o n c e n t r a t i o n of a r t e f a c t s 
2 
cover ing 1 m a rea was c o l l e c t e d from a k n o l l on the wes te rn f l a n k of 
t h e h i l l . E i g h t e e n a r t e f a c t s were r e c o v e r e d by t h i s s u r f a c e 
c o l l e c t i o n , e l e v e n of which were r e f i t t e d i n a conjoin a n a l y s i s . The 
conjoin s e t con ta in ing t he se e l e v e n a r t e f a c t s r e f l e c t s a r educ t ion 
sequence of 33 f l a k e s removed from a c o r e . F i g u r e 6 : 3 1 , a s e c t i o n 
t h r o u g h t h e r e c o n s t r u c t e d c o b b l e , i l l u s t r a t e s t h e s t r a t e g y of 
r e d u c t i o n a t t h i s k n a p p i n g f l o o r , and shows t h e e s s e n t i a l 
s i m i l a r i t i e s w i t h s e q u e n c e s a t Page Creek Quar ry 1. The i n i t i a l 
c o n c e r n of t h e k n a p p e r was t o remove c o r t e x from one end of t h e 
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cobble to provide a flat conchoidal platform. On one side of the 
core, blows were applied to this conchoidal surface to remove flakes 
from the long axis of the cobble. Trends in flake characteristics 
which occurred in this reduction sequence are also similar to those 
described at the nearby Page Creek Quarry 1. For example, artefacts 
were large during the production of a platform but consistently 
smaller throughout the rest of the reduction (Figures 6:32-34). 
Platform angles (Figure 6:35) and platform sizes (Figure 6:36) 
declined as core morphology became more suitable and regular. The 
improvement of platform angles and ridges led to an increase in flake 
elongation in the central portion of the sequence (Figure 6:37). 
Problems arose at two points in this sequence. Firstly, hinge 
and step terminations became common on flakes 14-20, threatening to 
prevent further reduction. Secondly, towards the end of the sequence, 
flakes 30-33, the regularity of ridges and flake removals declined 
rapidly (Figure 6:38). The knapper attempted to overcome these 
difficulties in two ways: by removing platform overhangs and by 
moving the location of blows laterally around the edge of the core. 
By applying these techniques, the knapper overcame the first problem 
and restored stability to the stoneworking process. On the second 
occasion the core was too small for the simple addition of these 
techniques to enable further reduction and the core was abandoned. 
The length of reduction, the strategy of reduction, the problems 
encountered and their solutions were essentially the same as at Page 
Creek Quarry 1. If the high degree of weathering of greywacke 
artefacts at both sites indicates that they are older than the fresh 
artefacts, which I believe to be the case, then there is little 
chronological change in the technology of greywacke reduction. In 
contrast to these temporal similarities, it was indicated in the 
previous chapter that much more dramatic variations in stoneworking 
occur between contemporary sites as a result of differences in the 
availability of material. Examining knapping floors at some distance 
from the Page Creek Quarries provides a detailed view of this spatial 
component of technological variation. 
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6.4 MOUNT JENNIFER KFl 
This site consisted of gre3rwacke flakes scattered over 5 m and 
it was clearly a knapping floor. The site is approximately 250 m 
southwest from the Mt. Jennifer Cave and 2.2 km northeast of the Page 
Creek Quarry. A grid was laid out, the position of each artefact 
plotted in two dimensions and all artefacts were then collected. 
Thirty artefacts were recovered. All of the artefacts were made 
on greywacke and most are made on a single kind of greywacke, a dark 
blue material very similar to that found at the nearby Page Creek 
Quarries. The cortex is thick, and soft, and near the cortex the 
greywacke is a lighter blue. Three artefacts were made of a finer, 
spotted greywacke, grey-green in colour. 
The assemblage consists of one core, two retouched flakes, 24 
unretouched flakes, one eraillure flake and two flaked pieces. Of the 
24 unretouched flakes 16 (67Z) are complete, three (13Z) are 
longitudinally cone split, three are proximal fragments, one (4Z) is 
a medial fragment and one (4Z) is a distal and longitudinal fragment. 
A conjoin analysis succeeded in refitting 18 artefacts into five 
conjoin sets. These sets were as follows: 
A = Seven flakes from a sequence of ten. The flakes were 
removed from three different platforms on a rotated core. 
B = Two flakes fitting onto a core. A third flake is indicated 
but missing. The core was rotated, with flakes being removed 
from two platforms. 
C - Three fragments of one flake fit onto a complete flake. 
Both flakes were struck from the same platform. 
D - Two flaked pieces fit together, joined along a weathered 
crack in the rock. 
E = Proximal and medial fragments of a single flake. 
This evidence suggests that the flaking debris was derived from 
at least three and more probably from four greywacke cores. It is 
likely that all the cores worked at the site were rotated to enable 
reduction to continue. Conjoin set A contains information about 
enough blows to provide a more detailed insight into the process of 
core rotation. 
Core rotation in conjoin set A was associated with cyclical 
patterns in the knapper's actions and in the resulting flakes. Flakes 
struck off a new platform were relatively large but decreased in size 
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(Figure 6:39). The core was r o t a t e d when the l e n g t h of f l a k e s dropped 
b e l o w a b o u t 3.8 cm. A s i m i l a r p a t t e r n o c c u r s i n t h e s e q u e n t i a l 
changes i n f l a k e e l o n g a t i o n : f l a k e s were r e l a t i v e l y e l o n g a t e 
immediately a f t e r a new p l a t fo rm was used but became p r o g r e s s i v e l y 
s q u a t t e r ( F i g u r e 6 :40 ) . The c o r e was r o t a t e d when t h e e l o n g a t i o n 
i n d e x d ropped b e l o w 1 .1 -1 .3 . S e q u e n t i a l changes i n c o n s i s t e n c y of 
f l a k e removal d u p l i c a t e s t h i s c y c l i c a l p a t t e r n (Figure 6:41). 
These c y c l i c a l p a t t e r n s i n f l a k e s i z e and shape r e f l e c t 
t r u n c a t i o n c a u s e d by h i n g e t e r m i n a t i o n s , wh ich a l s o o c c u r r e d 
immediate ly p r i o r t o core r o t a t i o n (Figure 6:42). C y c l i c a l changes i n 
c o r e shape and f l a k e c r o s s - s e c t i o n a l s o o c c u r r e d ( F i g u r e 6 :43) . The 
f i r s t f l a k e s removed from a p l a t fo rm had ve ry prominent r i d g e s , but 
l a t e r f l a k e s had much f l a t t e r c r o s s - s e c t i o n s . Trends towards s m a l l e r , 
s q u a t t e r and more i r r e g u l a r f l a k e s r e s u l t e d from t h e i n c r e a s e i n 
h inge t e r m i n a t i o n s and f l a t t e r core f aces . Abrupt t r u n c a t i o n of the 
f r a c t u r e would have caused s h o r t e r f l a k e s and produced more v a r i a b l e 
f l a k e l e n g t h s . F l a t t e r c r o s s - s e c t i o n s would h a v e r e s u l t e d i n t h e 
f r a c t u r e p l a n e s p r e a d i n g o u t and c a u s i n g s q u a t f l a k e s r a t h e r t h a n 
being d i r e c t e d a long the pe rcuss ion a x i s t o cause e l o n g a t e f l a k e s . 
C y c l e s of f l a k e c h a r a c t e r i s t i c s r e f l e c t e d changes i n t h e 
c o n d i t i o n of the core , e s p e c i a l l y t he p l a t fo rm. When p l a t fo rm ang les 
were h i g h e r t h a n 8 0 ° , t h e r e d u c t i o n was s t a b l e and l a r g e e l o n g a t e 
f l a k e s were produced. When the p l a t f o r m a n g l e s became lower than 80° 
i t r e s u l t e d i n an a l t e r a t i o n of t he b a l a n c e of v a r i a b l e s , l e ad ing to 
t h e p r o d u c t i o n of f l a k e s which were much s h o r t e r and more s q u a t . 
Whenever p l a t f o r m a n g l e d ropped b e l o w 80° and t h i s i n s t a b i l i t y 
o c c u r r e d , t h e c o r e was r o t a t e d ( F i g u r e 6 :44 ) . I m m e d i a t e l y p r i o r t o 
core r o t a t i o n t h e r e were sometimes changes i n t h e s i z e of p la t fo rms 
(Figure 6:45) and the n a t u r e of t he p l a t f o r m su r face (Figure 6:46). 
I n conjo in s e t A the c y c l i c a l p a t t e r n s r e f l e c t e d t h e r e c u r r e n t 
emergence of problems and the a p p l i c a t i o n of temporary s o l u t i o n s . The 
p r o b l e m s t h a t r e c u r r e d w e r e r e l a t e d t o t h e d e v e l o p m e n t of 
i n a p p r o p r i a t e core shapes i n a c o n d i t i o n of low i n e r t i a . Because t h e 
i n e r t i a of t h e c o r e was low r e l a t i v e t o t h e s i z e of f l a k e s b e i n g 
removed from i t , t he l i k e l i h o o d of d e s i r a b l e f l a k e s being removed was 
e a s i l y a l t e r e d by s u b t l e changes i n core shape or s i z e . The c o n t i n u a l 
r e m o v a l of r e l a t i v e l y l a r g e f l a k e s w i t h p r o m i n e n t b u l b s a l m o s t 
i n e v i t a b l y r e s u l t e d i n t h e p r e s e n c e of p r o n o u n c e d o v e r h a n g and 
d e c r e a s e s i n p l a t f o r m a n g l e s . Th i s l e d t o s h o r t f l a k e s and f l a k e s 
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wi th hinge t e rmina t ions , which l e f t prominences on the lower p a r t of 
t h e c o r e f a c e . Wi thou t p ronounced r i d g e s t o s t r i k e down, t h e 
p rominences l e f t by s h o r t and t r u n c a t e d f l a k e s were i m p o s s i b l e t o 
remove by c o n t i n u e d u s e of t h e same p l a t f o r m . Th i s was t h e p r o b l e m 
e n c o u n t e r e d by t h e k n a p p e r , and w i t h o u t a s o l u t i o n i t would most 
l i k e l y have n e c e s s i t a t e d abandoning the core . I t i s not p o s s i b l e to 
determine what c h a r a c t e r i s t i c s a l lowed the knapper t o p e r c e i v e the 
approaching t h r e s h o l d but the t r e n d s , such as the decrease i n f l a k e 
s i z e , must h a v e been a p p a r e n t . Core r o t a t i o n was t h e s o l u t i o n 
employed by t h e k n a p p e r . By c h a n g i n g p l a t f o r m s i t was p o s s i b l e n o t 
only to cont inue r educ t ion , but a l s o to remove the t r o u b l e spots on 
the o l d core face and a l t e r the c h a r a c t e r i s t i c s of the o l d p la t fo rm. 
The advantage of t h i s procedure was t h a t when the problem recu r red , 
o t h e r p l a t f o r m s and a s s o c i a t e d c o r e f a c e s were o f t e n a v a i l a b l e t o 
a l l o w reduc t ion to cont inue . E v e n t u a l l y , of course , t h i s s t r a t e g y of 
r e d u c t i o n would meet d i f f i c u l t i e s f o r which t h e knappe r had no 
s o l u t i o n , as the r educ t ion a t Mt. J e n n i f e r KF2 shows. 
6 .5 MOUNT JENNIFER KF2 
This s i t e l i e s 4.5 km n o r t h of t h e Page Creek q u a r r i e s . S i n c e 
the knapper was twice as f a r from the source of the greywacke as the 
knapper a t KFl i t c o u l d be e x p e c t e d t h a t t h e r e d u c t i o n a t t h i s s i t e 
represen ted a l a t e r phase of knapping than was observed a t KFl. 
The s i t e cons i s t ed of e l e v e n greywacke f l a k e s spread over a 4 m 
a r e a . These f l a k e s p r o b a b l y d e r i v e from two or t h r e e c o r e s . S ix of 
t h e f l a k e s were r e f i t t e d i n t o one c o n j o i n s e t , r e v e a l i n g t h r e e 
m i s s i n g f l a k e s i n a s equence of n i n e f l a k e r e m o v a l s . W h i l e no c o r e 
was a s s o c i a t e d w i t h t h e c o n j o i n s e t , t h e f l a k e s c l e a r l y i n d i c a t e d 
co re r o t a t i o n be tween f l a k e s 3 and 4 and be tween f l a k e s 5 and 6. 
C y c l i c a l p a t t e r n s i n f l a k e c h a r a c t e r i s t i c s r e f l e c t t h e p r o c e s s of 
co re r o t a t i o n . Whenever f l a k e l e n g t h d ropped b e l o w 3.4-3.5 cm t h e 
knapper changed p l a t f o r m s ( F i g u r e 6 :47) . S i m i l a r l y , t h e knappe r 
r e sponded t o e l o n g a t i o n i n d i c e s l e s s t h a n 1.1-1.3 by r o t a t i n g t h e 
core (Figure 6:48). Hinge t e rmina t ions a l s o p r e c i p i t a t e d a change i n 
p l a t f o r m s ( F i g u r e 6 :49) . Thus , s e q u e n t i a l changes i n f l a k e l e n g t h , 
e l onga t i on and t e r m i n a t i o n through t h i s conjo in s e t were s i m i l a r to 
those observed a t Mount J e n n i f e r KFl. 
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6 . 6 GREYWACKE TECHNOLOGIES 
T h r e e g r e y w a c k e q u a r r i e s w e r e e x a m i n e d . I n i t i a l r e d u c t i o n , 
i n c l u d i n g p l a t f o r m f o r m a t i o n , and t h e b a s i c s t r a t e g y of r e d u c t i o n was 
t h e same a t a l l q u a r r i e s , r e f l e c t i n g t h e s i m i l a r p r o p e r t i e s of t h e 
r o c k s . At Page Creek t h e c o b b l e s of g reywacke w e r e l a r g e and rounded , 
a n d p r e h i s t o r i c k n a p p e r s r e m o v e d l a r g e n u m b e r s of f l a k e s i n e a c h 
r e d u c t i o n s e q u e n c e . To p r o l o n g t h e r e d u c t i o n , a n d t o o v e r c o m e 
p r o b l e m s of c o r e shape wh ich o c c a s i o n a l l y a r o s e , k n a p p e r s employed 
f i v e s p e c i f i c v a r i a t i o n s i n t h e l o c a t i o n o f t h e i r b l o w s . At D i n n e r 
Creek , where t h e c o b b l e s of g reywacke a r e s m a l l and e l o n g a t e , fewer 
r e c t i f i c a t i o n p r o c e d u r e s were employed and e v e n when t h e y were t h e 
number of f l a k e s removed was s m a l l . 
R e d u c t i o n a t t h e P a g e C r e e k Q u a r r i e s i s s u m m a r i z e d i n F i g u r e 
6 : 5 0 , w h i c h p l o t s t h e r e d u c t i o n p a t h w a y f o r t h e s i z e a n d s h a p e of 
c o r e s and t h e p r o b a b i l i t y of d i s c a r d a t e a c h p o i n t d u r i n g r e d u c t i o n . 
The l i k e l i h o o d of a c o r e b e i n g d i s c a r d e d a t t h e q u a r r y i n c r e a s e d 
d r a m a t i c a l l y be tween 1000 g and 400 g a s t h e c o r e s h a p e beccime more 
p r o b l e m a t i c a n d c o r e s i z e d e c r e a s e d . I f some g r e y w a c k e c o r e s w e r e 
r e d u c e d f u r t h e r t h e y were n o t d i s c a r d e d a t t h e q u a r r y . As r e d u c t i o n 
p r o c e e d e d t h e s h a p e of t h e c o r e i n c r e a s i n g l y t e n d e d t o w a r d s 
r e l a t i v e l y s m a l l e r p l a t f o r m s . The i n d e x of c o r e s h a p e , p l a t f o r m a r e a 
d i v i d e d by t h e a r e a of t h e c o r e b a s e , d e c r e a s e d f r o m 0 . 9 - 2 . 0 a t t h e 
b e g i n n i n g of r e d u c t i o n t o 0 .6-1 .6 a t t h e end of t h e q u a r r y r e d u c t i o n . 
S i m i l a r t r e n d s were o b s e r v e d a t t h e D i n n e r Creek Q u a r r y . 
C l e a r l y , much of t h e i n t e r - a s s e m b l a g e v a r i a t i o n b e t w e e n 
g r e y w a c k e q u a r r i e s was d u e t o t h e r e s p o n s e s of k n a p p e r s t o t h e 
d i f f e r e n c e s i n m a t e r i a l . M e a s u r i n g t h i s v a r i a b i l i t y i n t e r m s of 
a r t e f a c t s i z e and s h a p e p r o v i d e s l i t t l e i n s i g h t i n t o t h e n a t u r e of 
t h e p r e h i s t o r i c a c t i v i t i e s w h i c h t o o k p l a c e a t t h e s i t e s . F o r 
e x a m p l e , a t D i n n e r C r e e k Q u a r r y 1 , o n e p r o c e s s o f r e d u c t i o n was 
c o n s i s t e n t l y a p p l i e d and k n a p p e r s r e p e a t e d t h e same s m a l l r a n g e of 
k n a p p i n g p r o c e d u r e s on e a c h c o b b l e , b u t , b e c a u s e t h e s m a l l s i z e of 
t h e c o b b l e s r e g u l a r l y c a u s e d t h e k n a p p e r s ma jo r t r o u b l e , t h e shapes 
of t h e c o r e s a n d f l a k e s w e r e v e r y v a r i a b l e . I n c o n t r a s t , a t P a g e 
Creek Q u a r r y 1 t h e l a r g e c o b b l e s a l l o w e d t h e p r e h i s t o r i c k n a p p e r s t o 
a p p l y a r e l a t i v e l y w ide r a n g e of p r o c e d u r e s and s t r a t e g i e s t o p r o d u c e 
an a s s e m b l a g e of c o r e s and f l a k e s of r e l a t i v e l y s t a n d a r d i z e d s h a p e s . 
Thus , w h i l e t h e v a r i a b i l i t y i n a r t e f a c t s w i t h i n and be tween q u a r r i e s 
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was l a r g e l y a product of the i n t e r a c t i o n between m a t e r i a l p r o p e r t i e s 
and stoneworking technology, t h i s v a r i a b i l i t y i s not n e c e s s a r i l y a 
good i n d i c a t o r of t h e d e g r e e and n a t u r e of d i f f e r e n c e s i n t h o s e 
stoneworking t e c h n o l o g i e s . 
Greywacke f l a k e s removed a t t h e Page Creek Q u a r r i e s were 
c h a r a c t e r i s t i c a l l y l a r g e . More than 50Z of f l a k e s were longer than 6 
cm and, w i t h t h e e x c e p t i o n of m i n u t e o v e r h a n g r e m o v a l f l a k e s , a l l 
were l a r g e r t h a n 1.7 cm. Many of t h e f l a k e s were a l s o e l o n g a t e , 
e s p e c i a l l y t h o s e which o c c u r r e d r e l a t i v e l y l a t e i n t h e r e d u c t i o n 
sequence a f t e r c o r t e x had been s t r i p p e d from t h e c o r e . I t i s t h e s e 
r e l a t i v e l y l a r g e and e l o n g a t e f l a k e s , w i t h no c o r t e x , low a n g l e d 
s y m m e t r i c a l c r o s s - s e c t i o n s and f e a t h e r t e r m i n a t i o n s which were 
c a r r i e d away from the q u a r r i e s . 
The main p r o d u c t s of k n a p p i n g a t t h e s e q u a r r i e s were f l a k e s 
s e l e c t e d for manufacture i n t o u n i f a c i a l and b i f a c i a l p o i n t s . This i s 
demonstrated by a comparison of quarry d e b r i s wi th greywacke po in t s 
found i n the same area . Figure 6:51 p l o t s the l e n g t h and e l o n g a t i o n 
of f l a k e s which were removed from Knapping Locat ion 1 a t Page Creek 
Quarry 1. Measurements of t h e s e m i s s i n g f l a k e s were t a k e n from t h e 
c a v i t i e s c r e a t e d by r e f i t t i n g t h e s u r r o u n d i n g f l a k e s . F i g u r e 6:51 
a l s o p l o t s t h e measurement s of 27 greywacke p o i n t s which were 
c o m p l e t e or which were b r o k e n i n such a way t h a t t h e measurement s 
c o u l d be e s t i m a t e d . There a r e two d i f f e r e n c e s be tween t h e m i s s i n g 
f l a k e s and the p o i n t s . F i r s t l y , a l l of the po in t s a r e longer than 4 
cm, a p a t t e r n which r e s u l t s from o n l y t h e l a r g e r f l a k e s b e i n g 
r e t o u c h e d i n t o p o i n t s . S e c o n d l y , t h e e l o n g a t i o n of p o i n t s i s 
g e n e r a l l y l e s s t h a n t h a t of m i s s i n g f l a k e s of t h e same l e n g t h , a 
r e s u l t of r educ t ion a s s o c i a t e d wi th re touch ing . 
Most of the morphologica l f e a t u r e s c h a r a c t e r i s t i c of f l a k e s from 
Page C r e e k , s u c h a s l a r g e c o n c h o i d a l p l a t f o r m s , a r e a l s o 
c h a r a c t e r i s t i c of the unretouched p o r t i o n s of p o i n t s . One f e a t u r e of 
the f l a k e s on which po in t s were made which was not c h a r a c t e r i s t i c of 
q u a r r y d e b r i s was t h e h i g h f r e q u e n c y of o v e r h a n g r e m o v a l . Of t h o s e 
po in t s wi th i n t a c t p la t fo rms 78Z had the overhang removed, compared 
w i t h o n l y 9-lOZ of t h e f l a k e s a t t h e Page Creek Q u a r r i e s . Th i s 
d i f f e rence might have a r i s e n for two reasons . At the quar ry , removing 
the p l a t fo rm overhang might have inc reased the l i k e l i h o o d of s t r i k i n g 
off a f l a k e s u i t a b l e for r e touch ing i n t o a p o i n t , hence p o i n t s were 
g e n e r a l l y made on f l a k e s wi th overhang removal . A l t e r n a t i v e l y , the 
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overhang removal could have been done after the flake was created, 
perhaps to thin the platform and facilitate hafting. Close 
examination of the platform of points failed to reveal any signs of 
overhang removal scars impinging upon the ventral surface, suggesting 
that these scars were created on the core rather than after the flake 
was struck off. 
Retouching flakes to form points was an activity not carried out 
on the quarries, and it has already been suggested that retouching of 
the points continued as they were transported around the landscape, 
broken, re-shaped and re-hafted. A study of 35 points collected from 
sites and background scatter on the plain indicates that the 
retouching process was generally undertaken in a particular sequence. 
Table 6:6 shows that it was common for points to be flaked on one or 
two margins but relatively uncommon for them to be flaked on both 
lateral margins and the butt. Moreover, the table shows that the more 
margins flaked on a point, the more likely it was that these margins 
would have been flaked bifacially. All of the unifacial points have 
retouch scars on the dorsal surface. If this represents the first 
phase of point flaking, then bifacial points should consistently show 
that the flaking of the ventral surface is superimposed upon flaking 
of the dorsal face. Table 6:7 shows that this pattern is found in the 
sample of points studied. 
These data suggest that when flakes were removed from the 
greywacke quarries they were usually retouched by removing flakes 
from along one lateral margin on the dorsal surface. At a later time 
the second margin might have been flaked in a similar fashion, and 
eventually one or both of these margins might have been made bifacial 
by the removal of flakes from the ventral surface. Thus at Lawn Hill 
there is a technological continuum from unifacial to bifacial points, 
as the former are gradually transformed into the latter. 
There is no technological evidence to suggest that only the 
points flaked on both margins and both faces were used and that 
points with less retouch are merely preforms, the scheme developed 
for North American points (eg. Crabtree 1966). In their discussion of 
bifacial points in Arnhem Land, Jones and Johnson (1985:199) also 
implied that only "finished" bifaces were traded or used. Since 
points at Lawn Hill were not invariably flaked on both margins and 
both faces before being carried around the landscape, it is likely 
that most of these point forms were functional and that the variation 
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in form resulted from re-sharpening and re-shaping. Use-wear 
investigations might test the proposition that points at all stages 
of manufacture have been used. 
Points or flakes which could be made into points were not the 
only artefacts removed from the greywacke quarries. Small cores of 
suitable form were carried away for reduction at other sites. The 
cores which were selected for transportation from the Page Creek 
Quarries were those which were too small in length and platform area 
for the knapper to strike off large, elongate flakes but which 
contained no features which would prevent further reduction. Knapping 
strategies applied to these cores were necessarily different from 
those employed on the quarry. If the knapper had continued to remove 
flakes along the long axis by striking the single platform there is 
little doubt that flakes would have failed to run the full length of 
the core, leaving unwanted mass on the core base and, as happened at 
the Dinner Creek Quarry, rapidly resulting in an unusable core. 
Instead the knappers rotated the cores, preparing a number of 
different platforms and striking flakes from all three axes. Flakes 
produced by this strategy were much smaller and squatter than those 
made at the quarry, averaging only 3.8 cm long and 13 g in weight 
(N"32). The degree to which this procedure was effective in 
facilitating reduction is indicated by the fact that, when discarded, 
the cores away from the quarry averaged only 38 g (N=4), less than 
one-tenth the weight of the smallest core produced by knappers at the 
quarry. 
The effects of core rotation away from the quarries are manifest 
in the alteration of core shapes (Figure 6:50). At the quarry, 
reduction of cores led gradually to cores with relatively small 
platforms. Cores knapped away from the quarry increasingly have 
relatively large platforms because the multiple platforms that were 
set up during core rotation enabled the knapper to remove unwanted 
mass from the core base. It was this ability to remove material from 
the core base and reshape the core which permitted cores away from 
the quarry to be reduced to such small sizes. Nevertheless, core 
rotation did not solve all problems and below 75-100 g in weight the 
likelihood of the knapper discarding the core rose rapidly. This 
second increase in discard probability was related not to core shape, 
but simply to core size. 
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On the basis of the sites described in this chapter it is 
possible to calculate the amount of core reduction which took place 
away from the Page Creek quarries. The average weight of discarded 
flakes and cores found away from the quarry is known. At Page Creek 
Quarry 1 there are three possible estimates of the weight of cores 
when they were first carried away from the quarry (Table 6:8). 
Firstly, if cores were removed from the quarry randomly the average 
weight of cores carried away would have been the same as the average 
weight of cores remaining at the quarry. It has already been 
demonstrated, however, that cores heavier than 1000 grams were 
usually abandoned because they had developed faults which prevented 
further reduction, and it would be most unusual if energy was 
expended in carrying such cores around the landscape. Secondly, it is 
more likely that only cores below 1000 grams were suitable for 
reduction off the quarry. Cores in that range of weights had 
appropriate morphologies for further reduction, but were abandoned 
because they were too small to produce the long flakes suitable for 
point manufacture. The third and final estimate is that the cores 
taken from the quarry were smaller than any which remain. This is 
unlikely since the cores at the quarry which are between 4-500 g tend 
to be flat slabs which provided little opportunity for producing the 
roughly equi-dimensional rotated cores found at sites such as Mount 
Jennifer KFl. 
Using these estimates, it requires only simple mathematics to 
calculate the weight of stone flaked from each core after it was 
removed from the quarry and the number of flakes it took to remove 
that stone. The weight of greywacke cores found away from quarries 
can be subtracted from the inferred weight of cores when they were 
taken from the quarry to give an estimate of the rock mass flaked 
from each core away from the quarry. Dividing this estimated weight 
by the average weight of flakes found away from quarries (13 g) 
provides an estimate of the average number of flakes which had been 
struck from greywacke cores once they had been removed from the 
quarry. Dividing the estimated number of flakes struck from cores 
away from quarries by the usual number of flakes struck off at 
knapping floors (6-10) provides an estimate of the number of 
occasions on which the core was flaked. The major unknown datum in 
these calculations is the weight of cores when they were first 
removed from the quarry. Consequently, three calculations were made; 
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one f o r each of t h e t h r e e e s t i m a t e s of c o r e s t a k e n from t h e q u a r r y 
(Table 6:8). Since the bes t e s t ima te for the average weight of cores 
r e m o v e d f rom t h e q u a r r y i s 632 g, d e r i v e d f rom t h e s e c o n d 
c a l c u l a t i o n , i t i s p robab le t h a t on average the knappers s t ruck about 
46 f l a k e s from each c o r e t h e y c a r r i e d away from t h e Page Creek 
Q u a r r i e s (Table 6:8). 
Furthermore, the l eng th of conjoin s e t s a t Mt J e n n i f e r KFl and 
Mt Jenn i fe r KF2 i n d i c a t e s t h a t t hese f l a k e s were not a l l removed a t 
one t i m e , bu t r a t h e r , t h a t t h e knappe r worked t h e c o r e on a number 
of d i f f e r e n t occas ions , removing 6-10 f l a k e s on each occasion. I f an 
average of 46 f l a k e s were s t r uck from greywacke cores away from the 
quarry, then the core was worked on between f i v e and e igh t s epa ra t e 
occasions . Each time the knapper worked the core , two or t h r e e f l a k e s 
were not d i scarded on the spot but were c a r r i e d away, presumably for 
u s e . Th is p a t t e r n s u p p o r t s t h e s u g g e s t i o n t h a t c o r e s were c a r r i e d 
around the landscape as a convenient source of f l a k e s . 
These s t r a n d s of i n f o r m a t i o n combine t o p r o v i d e a d e t a i l e d 
p i c t u r e of t h e t e c h n o l o g y employed by p r e h i s t o r i c humans k n a p p i n g 
greywacke a t Lawn H i l l . At outcrops of the rock, knappers r e p e a t e d l y 
used a s i n g l e r e d u c t i o n s t r a t e g y t o p r o d u c e a r t e f a c t s which t h e y 
c a r r i e d to o ther p a r t s of the landscape . Large, e l o n g a t e f l a k e s of a 
p a r t i c u l a r shape were c a r r i e d away and re touched to form u n i f a c i a l 
p o i n t s . As men t ioned i n C h a p t e r 5, many of t h e s e u n i f a c i a l p o i n t s 
were e v e n t u a l l y conver ted i n t o b i f a c i a l po in t s as they were c a r r i e d 
f a r from t h e q u a r r y and had t o be r e s h a p e d and r e s h a r p e n e d . Cores 
were a l s o c a r r i e d away from t h e q u a r r y , and f l a k e s were s t r u c k off 
whenever t h e y were r e q u i r e d . These c o r e s were t o o s m a l l t o p r o v i d e 
f l a k e s which could be made i n t o p o i n t s , but the f l a k e s they did y i e l d 
were p r o b a b l y u t i l i z e d f o r a wide v a r i e t y of f u n c t i o n s . S t r i k i n g 
f l a k e s from t h e s e s m a l l c o r e s was a c c o m p l i s h e d by emp loy ing a 
s t r a t e g y d i f f e r e n t t o t h a t a t the quarry . Large s i n g l e p l a t fo rm cores 
a re dominant a t the quar ry , but away from the quar ry the s m a l l cores 
were c o n s t a n t l y r o t a t e d as they were worked. In the p rev ious chapter 
i t was s u g g e s t e d t h a t a f u n d a m e n t a l change i n t h e a p p r o a c h t o 
reducing cores occurred soon a f t e r they were c a r r i e d from the quarry . 
That change can now be i d e n t i f i e d as t h e abandonment of a k n a p p i n g 
s t r a t e g y i n which blows were a p p l i e d t o a s i n g l e p l a t fo rm l o c a t e d a t 
one end of t h e c o r e t o remove l o n g f l a k e s w i t h p ronounced d o r s a l 
r i d g e s . The r educ t ion s t r a t e g y which was adopted by knappers working 
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away from quarries involved continually setting up new platforms on a 
multiplatform core to remove short, squat flakes. Rotating cores in 
this way removed undesirable features from the core and facilitated 
continued reduction, thereby rationing the material. The success of 
this strategy is indicated by the apparent ability of the knappers to 
employ those small greywacke cores as a portable source of flakes as 
they moved about the landscape. 
The affect of raw material on these activities is marked. The 
way in which reduction began, and the nature of the entire reduction 
strategy, was strongly influenced by the size and shape of the 
greywacke cobbles and the distribution of cortex on them. Differences 
between inferred knapping behaviour at the Page Creek and Dinner 
Creek quarries were directly attributed to differences in the size 
and shape of cobbles. Differences in the reduction of cores on and 
off quarries also reflect the effects of dissimilar core size and 
shape. Variations in the size and shape of the outcropping rock 
largely determined the nature of problems during knapping and the 
rate at which they arose. While this influence may have been 
strongest during the initial stages of reduction, it continued even 
to the final stages. As a result, the frequency with which any 
particular technique was applied varied spatially across the region 
as raw material form changed. For this reason, prehistoric knappers 
rationed greywacke in various ways, depending on their environmental 
context. Consequently, spatial variation in assemblage composition 
developed in traits such as overhang removal (see Figure 5:34). I 
have also argued that the effect of raw material form on prehistoric 
stoneworking can cause some characteristics of the resulting 
assemblages to be poor indicators of the inter-site differences in 
technology. In particular it appears that the extreme diversity of 
artefact shapes at Dinner Creek resulted from the application of only 
a small range of knapping procedures, whereas the relative 
standardization of artefact forms at Page Creek was produced by a 
wider set of knapping activities. Thus, even within rocks of the same 
lithology, subtle differences in raw material form, as well as 
availability, had a major influence on the nature of stoneworking and 
assemblage variation. The effects of minor differences in stone 
material for prehistoric stoneworking technology and artefact form 
were equally pronounced in the plateau and gorges to the south of the 
Lawn Hill region. 
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STONE WORKING TECHNOLOGY AT SELECTED SITES 
ON THE PLATEAU AND IN THE GORGES 
The prehistoric manufacture of chert artefacts at Lawn Hill was 
distinctly different from the greywacke technology examined in the 
last chapter. Chert nodules vary greatly in shape and there were a 
large number of reduction strategies employed on the material, 
several of which can be found on a single site. Only a few of these 
strategies can be dealt with here, but they are sufficient to 
indicate the technological processes which were employed on chert 
materials. This chapter infers the stoneworking which took place at 
sites on the plateau and in the gorges and and assesses its 
relationships to the properties of the stone materials. 
Sites in the gorges and on the plateau contain assemblages 
dominated by chert artefacts. Isolated knapping floors were not found 
and so stoneworking was inferred from quarries and large artefact 
scatters. Four sites are described in this chapter. The two sites 
located on the plateau reflect quarrying of Q (quarry) Chert, whereas 
the two sites in the gorges primarily reflect the reduction of R 
(river) Chert. 
7.1 SITES ON THE PLATEAU 
Most of the sites found on the plateau are quarries and 
workshops situated to take advantage of outcropping Q Chert. These 
sites were typically positioned on the edge of the plateau where 
exposures of chert are most extensive. Two such sites located near 
Colless Creek are described below. 
COLLESS CREEK QUARRY 1 
Colless Creek Quarry 1 is located on a 20 m wide ledge on the 
side of a vertical cliff along Colless Creek Gorge. The ledge, which 
consists of bare dissected limestone, is approximately 30 m above the 
creek bank and 10 m below the top of the plateau. Lenses of chert are 
exposed on the southern side of the ledge. Artefacts are unevenly 
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d i s t r i bu t ed along th i s ledge over an area 15 m north-south and 44 m 
2 2 
east-west. Densit ies vary between 1/m and 250/m , averaging about 
34/m^. These va r i a t ions in a r t e f ac t dens i t i e s r e s u l t from severa l 
f ac to rs , including va r i a t ions in the loca t ion of knapping and 
discard, and the mass movement of a r t e f ac t s across the ledge. Many 
concentrations of a r t e fac t s which remain r e l a t i v e l y d i s c r e t e are 
associated with quarried lenses of cher t , suggesting that they are 
largely in discard locations. 
Two portions of the quarry were examined in de ta i l . An area 2m x 
Im at the eastern end was recorded in the f i e l d . The second area, a 
Im X Im square in the western part of the s i t e , was surface collected 
and the mater ia l removed for laboratory examinations. Assemblages 
from these two areas were designated Sample A and B respectively. 
Sample A contained 102 artefacts, consisting of 11 cores (IIZ), 
85 f lakes (83Z), 1 retouched f lake (IZ), and 5 flaked pieces (5Z). 
All artefacts were made of the Q Chert avai lable at the quarry. Low 
amounts of broken f lakes (7Z) or f lakes with edge damage (2Z) 
reinforce the interpretation that the s i te was used predominantly for 
manufacturing a c t i v i t i e s . The c h a r a c t e r i s t i c s of the assemblage 
reflect early phases of manufacture associated with quarrying carried 
out at the s i t e . Artefacts are l a rge , with f lakes up to 11 cm long 
and cores up to 7 cm long. Table 7:1 shows the proport ion of f lakes 
in five size classes. Flakes with cortex on their dorsal surfaces are 
r e l a t i v e l y frequent (29Z), although c o r t i c a l platforms are l ess 
common (17Z). Overhang removal occurs on 21Z of flakes, and focalized 
platforms on 38Z of flakes. Core rotation is infrequent, as indicated 
by the 6Z of flakes which remove platforms on their dorsal surfaces. 
Sample B contains 224 artefacts larger than 4 mm. The proportions 
of artefact types within the assemblage is broadly similar to those 
of Sample A: 8 cores (4Z), 208 flakes (93Z), 2 retouched flakes (IZ), 
and 6 flaked pieces (3Z). Although an intensive conjoin analysis was 
carr ied out, only eight (4Z) of these a r t e f ac t s were r e f i t t e d . Two 
conjoin sets were identified as follows: 
A = Three f lakes f i t t i n g onto a core and r e f l e c t i n g a 
sequence of 15 flake removals. 
B = Four f lakes r e f i t t e d to ind ica te a sequence of seven 
blows. 
142 
Chapter 7 
T e c h n o l o g i c a l a n a l y s i s of Sample B g e n e r a l l y c o n f i r m s t h e 
impression t h a t deb r i s r e p r e s e n t s i n i t i a l s t ages of manufacture, wi th 
53Z (N=95) of f l a k e s h a v i n g c o r t e x on t h e d o r s a l s u r f a c e . E n t i r e 
r e d u c t i o n s equences were n o t r e c o n s t r u c t e d and c o n s e q u e n t l y t h e 
i n i t i a l s i z e and shape of Q Chert nodules i s d i f f i c u l t t o determine. 
N e v e r t h e l e s s , t h e r e a r e some i n d i c a t i o n s of t h e s i z e of t h e 
n o d u l e s . F l a k e s which h a v e c o r t i c a l p l a t f o r m s and c o r t e x a t t h e i r 
d i s t a l end, i n d i c a t i n g t h a t the f r a c t u r e t r a v e l l e d comple te ly through 
t h e c o r e , d e m o n s t r a t e t h a t n o d u l e s g e n e r a l l y r anged from 5.6 cm t o 
6.9 cm i n a t l e a s t one d i r e c t i o n . The n o d u l e from c o n j o i n s e t A i s 
e s t i m a t e d t o h a v e o r i g i n a l l y measured 10.5 cm x 6.0 cm x 6.5 cm, or 
3 
a p p r o x i m a t e l y 410 cm i n vo lume . A l l of t h e u n c o n j o i n e d c o r e s 
probably came from s m a l l e r and more angu la r nodu les . 
R e d u c t i o n of c h e r t a t t h e q u a r r y a p p e a r s t o h a v e been h i g h l y 
o p p o r t u n i s t i c , and the main concern was the e x p l o i t a t i o n of a v a i l a b l e 
r idges and p la t fo rm a n g l e s . No a t tempt was made to c r e a t e r idges or 
prepare p la t fo rms beyond simply removing a l a r g e f l a k e . When p la t fo rm 
angles and r idges became u n s u i t a b l e the cores were s imply abandoned. 
In one c a s e t h e c o r e was d i s c a r d e d a f t e r o n l y one f l a k e had been 
removed. The four s i n g l e p l a t fo rm cores have an average volume of 108 
3 3 
cm , a lmost double the 55 cm average volume of the four cores wi th 
two p la t fo rms . This suggests t h a t the second p l a t fo rm was i n i t i a t e d 
when t h e f i r s t was no l o n g e r s u i t a b l e , i n an a t t e m p t t o p r o l o n g 
reduc t ion . 
Conjo in s e t A and t h e o t h e r s e v e n c o r e s i n Sample B i n d i c a t e 
t h a t the number of f l a k e s removed from each core ranged from one to 
f i f t e e n , and averaged e i g h t . Data from cores and the f l a k e : c o r e r a t i o 
i n Sample A a l s o g i v e s an e s t i m a t e of e i g h t f l a k e s p e r c o r e . Th i s 
es t imate can be used to c a l c u l a t e the number of cores which produced 
the recovered f l a k e s . I f an average of e igh t f l a k e s were removed from 
each core then the 208 f l a k e s i n Sample B were removed from 26 cores . 
Only e i g h t (31Z) of t h e s e c o r e s were r e c o v e r e d , and t h e o t h e r s may 
have been removed from the quarry . 
Although many cores may have been c a r r i e d away from the quarry , 
those removed a r e i n some a spec t s s i m i l a r to those d i sca rded on the 
s i t e . Of the t w e l v e p la t fo rms on the cores recovered i n Sample B, 33Z 
have c o r t i c a l su r f aces . This f i g u r e i s ve ry c l o s e to the 30Z (N=95) 
of f l a k e s i n Sample B which h a v e p l a t f o r m s u r f a c e s of c o r t e x or 
weathered c racks . Since many of t he f l a k e s i n Sample B must have been 
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s t r u c k f r o m t h e m i s s i n g c o r e s t h i s s i m i l a r i t y i n t h e f r e q u e n c y of 
c o r t i c a l p l a t f o r m s i n d i c a t e s t h a t e v e n t h o u g h t h e m a j o r i t y of c o r e s 
a r e a b s e n t t h e r e was no s e l e c t i o n f o r a p a r t i c u l a r p l a t f o r m s u r f a c e . 
I t s eems m o r e l i k e l y t h a t c o r e s i z e a n d s h a p e may h a v e b e e n t h e 
c r i t i c a l f a c t o r s i n r e d u c i n g c o r e s and c h o o s i n g w h i c h ones t o remove 
from t h e s i t e . T h i s p a t t e r n of b e h a v i o u r i s s e e n e v e n more c l e a r l y a t 
a second q u a r r y a l o n g C o l l e s s Creek . 
COLLESS CREEK QUARRY 2 
C o l l e s s C r e e k Q u a r r y 2 i s l o c a t e d on t h e t o p of t h e p l a t e a u , 
a p p r o x i m a t e l y 10 m f r o m t h e e d g e of C o l l e s s C r e e k G o r g e . D i s s e c t e d 
s l a b s of d o l o m i t e c o n t a i n i n g i n s i t u n o d u l e s of c h e r t a r e s u r r o u n d e d 
by a l a g of Q C h e r t n o d u l e s wh ich h a v e e r o d e d c o m p l e t e l y f r e e of t h e 
b e d r o c k . The a v e r a g e t h i c k n e s s of c h e r t n o d u l e s i n s i t u i s 12 cm, b u t 
many of t h e l o o s e n o d u l e s i n t h e l a g a r e s m a l l e r . T a b l e 7:2 p r o v i d e s 
i n f o r m a t i o n on t h e o r i g i n a l s i z e and s h a p e of n i n e n o d u l e s wh ich were 
3 
r e c o n s t r u c t e d f r o m k n a p p i n g d e b r i s . N o d u l e s v a r i e d f r o m 50 cm t o 
3 
a l m o s t 400 cm , a n d w e r e o f t e n l e s s t h a n 4 cm i n o n e o r two 
d i m e n s i o n s . G e n e r a l l y t h e s e n o d u l e s were r o u g h r e c t a n g l e s , p y r a m i d s , 
s p h e r e s o r h a l f s p h e r e s i n shape w i t h a t l e a s t 1-2 c o r t i c a l s u r f a c e s 
a n d 1-2 s u r f a c e s of o l d w e a t h e r e d c r a c k s . N o d u l e s h a p e i s q u i t e 
v a r i a b l e , howeve r , w i t h no two b e i n g t h e same. 
S u r r o u n d i n g t h i s o u t c r o p o f Q C h e r t i s a s c a t t e r o f f l a k e d 
a r t e f a c t s e x t e n d i n g o v e r a 20m x 15m a r e a . A r t e f a c t d e n s i t i e s a v e r a g e 
2 
a b o u t 75 -80 /m . A r t e f a c t s can be found a t l o w e r d e n s i t i e s a l o n g t h e 
e d g e of t h e p l a t e a u t o t h e e a s t a n d w e s t o f t h i s s i t e . A o n e m e t r e 
s q u a r e a r e a was s u r f a c e c o l l e c t e d a t a c o n c e n t r a t i o n o f a r t e f a c t s , 
p o s s i b l y s e v e r a l k n a p p i n g f l o o r s , a s s o c i a t e d w i t h i n s i t u n o d u l e s of 
c h e r t wh ich had been q u a r r i e d . 
A t o t a l of 103 a r t e f a c t s w e r e r e c o v e r e d ( T a b l e 7 : 3 ) . A l l 
a r t e f a c t s , i n c l u d i n g a h e a v i l y b a t t e r e d hammer , w e r e made f rom Q 
C h e r t a v a i l a b l e a t t h e q u a r r y . A c o n j o i n a n a l y s i s r e f i t t e d 38 (37Z) 
of t h e s e a r t e f a c t s i n t o 13 c o n j o i n s e t s ( T a b l e 7 : 4 ) . S e v e n of t h e s e 
c o n j o i n s e t s p r o v i d e i n f o r m a t i o n a b o u t t h e e n t i r e r e d u c t i o n s e q u e n c e . 
A n o t h e r s i x c o n j o i n s e t s r e p r e s e n t t h e i n i t i a l r e d u c t i o n of Q C h e r t 
n o d u l e s , t h e c o r e s from w h i c h were n o t r e c o v e r e d . 
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E x a m i n a t i o n of t h e a r t e f a c t s i n d i c a t e s t h a t t h e k n a p p e r s had 
l i t t l e concern wi th p repar ing a p la t fo rm. In most of the conjoin s e t s 
blows were p laced on s u i t a b l e f l a t sur faces of co r t ex or p a t i n a t e d 
c r a c k s . Of t h e f l a k e s s t r u c k i n t h e c o n j o i n s e t s , 43 (51Z) had 
c o r t i c a l p l a t f o r m s and 23 (27Z) had p l a t f o r m s u r f a c e s which were 
weathered c racks . Only when s u i t a b l e sur faces were u n a v a i l a b l e , such 
as on a s p h e r i c a l c o b b l e (eg . s e t s F, L, and M), d i d t h e knappe r 
prepare a f l aked p la t fo rm. This i n d i c a t e s t h a t t he na tu r e of p l a t fo rm 
surfaces was of l i t t l e importance s ince blows on weathered surfaces 
were e f f e c t i v e i n removing f l a k e s . More important was the ex i s t ence 
of a f l a t s u r f a c e p o s i t i o n e d a t an a n g l e be tween 45° and 90° t o t h e 
body of t h e c o r e . 
S i n c e t h e shape of t h e c h e r t n o d u l e s and t h e l o c a t i o n of 
s u i t a b l e sur faces i s h i g h l y v a r i a b l e , the sequence of r educ t ion was 
v e r y o p p o r t u n i s t i c , w i t h no s i n g l e s t a n d a r d i z e d s t r a t e g y of 
r e d u c t i o n . I t i s c l e a r , however , t h a t two s t r a t e g i e s of r e d u c t i o n 
occur i n the assemblage as a response to raw m a t e r i a l form. The f i r s t 
c o n s i s t s s imply of blows a p p l i e d i n one d i r e c t i o n to the sur faces and 
t a k e s p l a c e on c o b b l e s which h a v e n a t u r a l l y o c c u r r i n g l a r g e f l a t 
s u r f a c e s s u i t a b l e as p l a t f o r m s ( F i g u r e 7 :1 ) . Th i s s t r a t e g y was 
a p p l i e d t o 15 (83Z) of t h e 18 r e d u c t i o n s e q u e n c e s i d e n t i f i e d by 
c o n j o i n a n a l y s i s and e x a m i n a t i o n of c o r e s i n t h e a s s e m b l a g e . On 
s p h e r i c a l or very i r r e g u l a r nodu le s , knapping proceeded by r o t a t i n g 
t h e c o r e , and s t r i k i n g a t a v a r i e t y of s u r f a c e s t o remove f l a k e s 
which would c r e a t e sur faces to s e rve as new p la t fo rms (Figure 7:2). 
Most of the f l a k e s removed i n t h i s s t r a t e g y have conchoidal p l a t fo rm 
s u r f a c e s . Only 3 (17Z) of t h e r e d u c t i o n s e q u e n c e s i d e n t i f i e d i n t h e 
assemblage showed t h i s s t r a t e g y of r educ t ion . 
A l l of t h e r e d u c t i o n s e q u e n c e s r e c o n s t r u c t e d from t h i s 
a s s e m b l a g e were s h o r t , w i t h few f l a k e s b e i n g removed from a c o r e . 
Conjoining demonstrated t h a t an average of e igh t f l a k e s were removed 
from each c o r e , w i t h a r a n g e from two t o twe n ty -one p e r c o r e ( T a b l e 
7:4) . S i m i l a r e s t i m a t e s can be o b t a i n e d by d i v i d i n g t h e a v e r a g e 
we igh t of c h e r t removed from c o r e s by t h e a v e r a g e w e i g h t of f l a k e s 
s t ruck off (Table 7:5). There a r e two reasons why so few f l a k e s were 
s t r u c k from each n o d u l e . F i r s t l y , t h e n o d u l e s a r e q u i t e s m a l l , and 
sometimes i r r e g u l a r i n shape. Secondly, many of the nodules con ta in 
i n c i p i e n t c r a c k s and may s p l i t i n t o two or t h r e e f r a g m e n t s when 
s t r u c k . 
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Conjoin analysis indicates that both cores and flakes may have 
been removed from the quarry. Most of the missing cores which may 
have been taken away would have had a single platform of cortex or 
patina. Flakes missing from the conjoin sets suggest that flakes 
removed from the quarry would have been 1-9 cm in length. 
7.2 SITES IN THE GORGES 
Most of the sites located at the base of the gorges contain 
small quantities of Q Chert but reflect mainly the acquisition and 
reduction of the R Chert which can be found in gravel beds associated 
with the creeks occurring in the gorges. The two sites described in 
this section were studied because they reflect different aspects of 
the technologies associated with R Chert. 
LAWN HILL 2 
Lawn Hill 2 is a large surface scatter of artefacts on the 
eastern side of Lawn Hill Creek below the junction of Colless Creek 
and Lawn Hill Creek. At this point. Lawn Hill Creek swings to the 
east and a peninsular of sandstone is capped by sediment. The highest 
point on this peninsular is 14 m above the creek and while it can 
still be considered to be in the gorge, it is above most of the 
gallery forest lining the creek. Vegetation on the site consists of 
acacias, eucalypts and grasses. Artefacts are scattered over both the 
sediment and the sandstone bedrock. The vast majority of artefacts 
were made of locally available chert. 
2 
A surface collection covering 22 m , from a portion of the s i te 
designated Section H, was chosen for d e t a i l e d ana ly s i s . Of the 88 
grid squares which were examined only 37 contained artefacts (Figure 
7:3). The majority of a r t e f ac t s (64Z) occur in a small patch of 15 
squares in the centre and southeast of the c o l l e c t e d area (Figure 
7:3). 
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Assemblage composition is summarized in Table 7:6. A total of 69 
artefacts were recovered, most of which are unretouched flakes. Two 
chert flakes were retouched; one was made into a tula, the other was 
retouched in an irregular pattern. Three of the artefacts were made 
on non-chert materials; one unretouched flake of sandstone and two 
flakes struck from an edge-ground axe made from a metamorphic rock. 
In addition to artefacts, the surface collection recovered 41 heat 
shattered fragments of chert, most of which occurred in the western-
central portion of the collected area (Figure 7:4). 
A conjoin analysis of all artefactual material from section H 
refitted 29 (42Z) of the artefacts into the following five conjoin 
sets: 
A = Eight R Chert flakes and flake fragments fitting onto a 
core, and reflecting a sequence of nine flakes removed 
from the core. 
B = Six R Chert flakes and flake fragments fitting onto a 
core, reflecting the removal of 12 flakes from the core. 
C = Four R Chert flakes and flake fragments reflecting three 
successive blows. 
D = Seven R Chert flakes and flake fragments reflecting nine 
successive blows. 
E = Two metamorphic flakes with ground platforms removed from 
an axe. 
Conjoin sets A and B provide evidence of the en t i re sequence of 
r educ t ion , and conjoin s e t s C and D r e f l e c t the i n i t i a l and middle 
por t ions of two f u r t h e r sequences. The o r i g i n a l s i z e and shape of R 
Chert cobbles can be reconstructed for these four conjoin sets (Table 
3 3 
7:7). Cobble volume was probably between 150 cm and 250 cm for a l l 
of the conjoin s e t s . These che r t nodules were very angu la r and had 
rectangular or t r i angu la r cross-sect ional shapes. Flakes were removed 
from the second longest axis . 
Blows were l o c a t e d d i r e c t l y on the co r t ex wi th v i r t u a l l y no 
at tempt to modify the p l a t fo rm. Cortex was never removed from the 
p la t fo rm sur face and on ly one (4Z) of the 27 conjoined f l a k e s 
exhibits overhang removal. Blows were struck r e l a t i v e l y far from the 
p la t fo rm edge, producing t h i c k , wide f lakes with pronounced bulbs. 
Pla t form th i cknes s averaged 0.6 cm (N=8) in conjoin s e t A, 0.9 cm 
(N=ll) in conjoin s e t B, and 1.1 cm i n conjoin s e t s C and D (N=8). 
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Blows were struck fo rc ib ly and f rac ture p l a ins gene ra l ly 
t r a v e l l e d completely through the 6 cm thick cobbles to produce 
feather terminations. Blows were i n i t i a l l y placed on a right-angled 
corner of the rectangular cobbles, using the natural shape to direct 
the f rac ture . Wide f lakes were struck from the core, leaving few 
scars on the core face. Consequently, blows were applied to e i the r 
corner of the rectangular cores (Figure 7:5). With small variations 
caused by the p a r t i c u l a r shape of each cobble, t h i s pa t te rn of 
reduction was followed in a l l four conjoin s e t s . Of the 25 f lakes 
produced in the four conjoin s e t s , 16Z have cortex over the en t i r e 
dorsal surface and 76Z have cortex along one l a t e ra l margin. 
Three problems appear to have occurred during the reduction of 
these cobbles. The f i r s t problem, seen in conjoin se ts A and B, i s 
that undulations in the surface of the cobble may have made i t 
diff icul t to strike an effective blow. Cores were abandoned when this 
occurred. The second problem, which occurs only in conjoin set B, is 
hinge termination of f l akes . This was overcome simply by s t r ik ing 
even further from the platform edge and removing a la rge f lake . A 
third problem was longitudinal cone sp l i t t ing of wide flakes as they 
were removed from the core. Such flakes were discarded. 
These four reduction sequences produced flakes which could have 
been retouched into tu las . Evidence for this suggestion exists in the 
similarity of the flakes manufactured in these knapping floors and 
the f lakes from which t u l a s are made. Tulas found throughout the 
study area and the f lakes at Lawn H i l l 2 have th ick , wide c o r t i c a l 
platforms, broad pronounced bulbs, and wide ventral surfaces. Figure 
7:6 compares the width of tulas recorded during survey work with the 
conjoined chert flakes at Lawn Hi l l 2. In both samples, flakes over 
2.5 cm in width dominate. The inference tha t knapping debris in 
Section H may be r e l a t e d to the production of f lakes for t u l a s i s 
supported by a further observation. In conjoin set A, only two flakes 
were not r e f i t t e d , and one of these f lakes i s v i r t u a l l y i d e n t i c a l 
with a t u l a found nearby. While i t i s not poss ib le to demonstrate 
that this , or any other, missing flake in Section H was manufactured 
in to a t u l a , a l l information suggests tha t f lakes se lec ted for 
retouching as tulas would have been produced in a similar way. 
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LOUIE CREEK 2 
Louie Creek 2 is a large surface scatter of artefacts on a 3-4 m 
high levee bank on the eastern side of Louie Creek immediately inside 
the entrance to the gorge. The levee is at the entrance to a small 
side valley, and begins about 30 m from Louie Creek. Much of the 
ground surface on the levee bank is bare of vegetation but there are 
eucalypts on the western margin, near a scree slope, and along a 
seasonal creek line on the eastern margin. The density of artefacts 
in the clear central portion of the levee is generally between 10/m 
and 50/m , although there are several patches with much higher 
densities. 
The scatter includes flaked glass artefacts and a range of other 
post-contact goods such as broken metal axe-heads, camp-ovens, and 
corrugated iron. George Doherty, the owner of Highland Plains Station 
to the west, recalls that there was a camp of Aboriginals and Chinese 
on the spot when he visited the area in the late 1940's. Much of the 
metal and broken glass undoubtedly derives from that time. There are 
also two stone arrangements consisting of small circles of stone 
filled with sediment. 
2 
A 17 m s u r f a c e c o l l e c t i o n was made a t a p o i n t where backed 
b l a d e s were numerous . F i g u r e 7:7 i l l u s t r a t e s t h e a r r a n g e m e n t of 
squares i n which sur face c o l l e c t i o n s were made. A t o t a l of 1828 che r t 
a r t e f a c t s (Table 7:8), 705 n o n - a r t e f a c t u a l h e a t - s h a t t e r e d fragments 
of c h e r t and 75 n o n - c h e r t a r t e f a c t s were r e c o v e r e d . There was a 
d i s t i n c t s p a t i a l p a t t e r n i n g of a r t e f a c t s w i t h i n t h e s e squares . Backed 
b lades were found predominant ly i n the southern e l e v e n squares , an 
area here c a l l e d the backed b l a d e concen t r a t i on (Figure 7:7). B u r i n -
l i k e retouched f l a k e s , from which long s p a l l s have been removed us ing 
t h e l a t e r a l m a r g i n s as r i d g e s , a r e found o n l y i n t h e backed b l a d e 
c o n c e n t r a t i o n ( F i g u r e 7 :8 ) . M o r e o v e r , F i g u r e 7:9 shows t h a t w i t h i n 
t h e backed b l a d e c o n c e n t r a t i o n t h e r e i s a p o s i t i v e c o r r e l a t i o n 
(r=0.768) be tween t h e d e n s i t y of backed b l a d e s and t h e d e n s i t y of 
t h e s e b u r i n - l i k e r e t o u c h e d f l a k e s . The same e l e v e n s q u a r e s h a v e a 
much h i g h e r f r e q u e n c y of u n r e t o u c h e d f l a k e s wi th face ted p la t fo rms 
than the squares o u t s i d e t he backed b l a d e concen t r a t i on ; on average 
4.0Z i n s i d e the c o n c e n t r a t i o n and 0.6Z o u t s i d e (Figure 7:10). 
149 
Chapter 7 
The coincident d i s t r i bu t ion of these two a r t e fac t types could be 
i n t e r p r e t e d i n f u n c t i o n a l terms by sugges t i ng t h a t a number of 
a c t i v i t i e s were c a r r i e d out i n the sou the rn squares but not i n the 
no r th . A l t e r n a t i v e l y , the p a t t e r n might have r e s u l t e d from the 
dumping of debris from severa l unrela ted a c t i v i t i e s which had been 
carr ied out elsewhere. A th i rd poss ib le explanation i s tha t these two 
ar te fac t types are s p a t i a l l y cor re la ted because they both r e s u l t from 
a s ing le stoneworking process. Evidence from the assemblage supports 
t h i s th i rd hypothesis. 
Many of the backed b l a d e s a re u n f i n i s h e d , o f t en being broken 
dur ing manufacture , presumably on the spo t . This can be seen in the 
u n u s u a l l y high breakage r a t e s of backed b l a d e s r e l a t i v e to o the r 
components of the assemblages . Approximately 51Z of unretouched 
f lakes were broken (N=942), whereas 97Z of backed blades were broken 
(N=68). Moreover, most of the breaks exhibited by backed blades are 
what McBryde (1986:204-206) termed t runcat ion, consis tent with poorly 
located blows during the backing process. A l l f inished backed blades 
are symmetrical, genera l ly t r i angu la r in shape. I t was common for one 
of the two t i p s on the backed b l a d e to be broken off dur ing backing 
and s e v e r a l of t he se t i p s were r e f i t t e d dur ing a conjo in a n a l y s i s . 
Backing was u s u a l l y i n i t i a t e d a t the d i s t a l end and on ly when t h a t 
end of the f l a k e had been t r u n c a t e d , producing a form l i k e a 
"woakwine" (McCarthy, Brammell and Noone 1946:36), was the platform 
removed to complete the geometr ic form (Figure 7:11). Many of the 
broken backed blades have progressed only partway through the process 
and do not have the f i na l t r i angu la r shape. 
Because many of the backed blades were broken during manufacture 
a number s t i l l have p l a t f o r m s i n t a c t . Of the 13 un f in i shed backed 
blades which s t i l l re tained t he i r platform f ive (39Z) were faceted. 
Since platform faceting i s much more common on backed f lakes than on 
unretouched f lakes i t i s l i k e l y tha t f lakes with faceting genera l ly 
had a size and shape su i t ab l e for backed blade manufacture. Faceted 
f lakes in the assemblage der ive l a r g e l y from the bur in^l ike retouched 
f l a k e s . Only one (5Z) of the 20 cores had a f ace t ed p l a t f o r m but 11 
(85Z) of the 13 b u r i n - l i k e re touched f l a k e s have s igns of f a c e t i n g . 
These f l a k e s were i n i t i a l l y re touched by s t r i k i n g the v e n t r a l 
s u r f a c e , t he reby removing s m a l l (<0.5 cm) f l a k e s from the d o r s a l 
su r f ace , u s u a l l y on the d i s t a l end (Figure 7:12). This re touched 
surface was then used as a faceted platform for blows which removed 
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f l a k e s a l o n g t h e l a t e r a l m a r g i n s ( F i g u r e 7 :12) . Many of t h e f l a k e s 
removed i n t h i s second s t a g e h a v e f a c e t e d p l a t f o r m s and some were 
a p p a r e n t l y m a n u f a c t u r e d i n t o backed b l a d e s . Th is i n f e r e n c e i s 
confirmed by a r e f i t t e d r educ t ion sequence i n square BP132, i n which 
two u n r e t o u c h e d f l a k e s and a b roken backed b l a d e were r e - j o i n e d t o 
one of t h e s e b u r i n - l i k e r e t o u c h e d f l a k e s . S i m i l a r p a t t e r n s of 
r educ t ion have been i d e n t i f i e d i n New South Wales (Hiscock 1985a, i n 
p r e s s ) . 
I f most backed b l ades were manufactured on f l a k e s removed from 
b u r i n - l i k e r e t o u c h e d f l a k e s , t h e n i t i s p o s s i b l e t o c a l c u l a t e 
p r o d u c t i o n r a t e s . For t h e 68 f r a g m e n t s of backed b l a d e s i n t h e 
concen t ra t ion to have been removed from the 13 b u r i n - l i k e retouched 
f l a k e s , an average of f i v e backed b l ades would have had to have been 
manufac tu red from each b u r i n - l i k e r e t o u c h e d f l a k e . Even i f t i p 
f r agment s a r e e x c l u d e d from t h e c a l c u l a t i o n and o n l y t h e 45 body 
fragments a re considered, an average of 3.5 backed b l ades would have 
to have been produced from each b u r i n - l i k e retouched f l a k e . This i s 
c l e a r l y not p o s s i b l e . Some of these b u r i n - l i k e retouched f l a k e s did 
not produce any f l a k e s s u i t a b l e for backing, w h i l e o the r s may have 
produced two or t h r e e . I t i s es t imated t h a t on average approximate ly 
one backed b l ade was produced from each b u r i n - l i k e retouched f l a k e . 
The one r e d u c t i o n p r o c e s s t h a t was f u l l y r e c o n s t r u c t e d by c o n j o i n 
a n a l y s i s i n square BP132 y i e l d e d on ly one backed b l a d e . 
One i m p l i c a t i o n of t he se e s t ima te s i s t h a t t h e r e a r e more backed 
b l a d e f r a g m e n t s a t Lou ie Creek 2 t h a n can be a c c o u n t e d f o r by t h e 
number of b u r i n r - l i k e r e t o u c h e d f l a k e s . Th i s d i s c r e p a n c y migh t be 
expla ined i n t h r e e ways. F i r s t l y , some of the backed b l ades may have 
been manufactured e lsewhere and brought t o t h i s p a r t of the s i t e for 
r e - s h a p i n g a n d / o r d i s c a r d . S e c o n d l y , a l l of t h e backed b l a d e s may 
have been m a n u f a c t u r e d on t h e s p o t b u t some of t h e b u r i n - l i k e 
r e t o u c h e d f l a k e s c a r r i e d away f o r o t h e r p u r p o s e s . T h i r d l y , some 
f l a k e s removed from t h e c o r e s d i s c a r d e d a t t h e s i t e may h a v e been 
backed. F u r t h e r work on t h e s i t e w i l l be r e q u i r e d t o t e s t t h e s e 
p o s s i b i l i t i e s . 
Evidence from Louie Creek 2 sugges ts a low success r a t e i n the 
product ion of backed b l a d e s . No doubt t he p r o p o r t i o n of backed b l a d e s 
which a r e b r o k e n has been e x a g g e r a t e d by t h e r e m o v a l of c o m p l e t e 
s p e c i m e n s , b u t t h e i n d i c a t i o n s from c o n j o i n a n a l y s i s a r e t h a t 
b r e a k a g e d u r i n g b a c k i n g was a common o c c u r r e n c e . When t h e i n i t i a l 
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flakes was small and/or the break occurred midway along the backed 
flake the remaining fragment may have been too di f f icul t to repair. 
Data on the dimensions of complete and broken backed blades in the 
assemblage support t h i s proposi t ion. The average chord length of 
complete backed blades in the assemblage is 2.4 cm (N=8). The average 
chord length of backed blades broken in manufacture was only 1.3 cm 
and, with one exception, there appears to have been no attempts to 
re-shape those specimens. 
I t i s a l so suggested tha t the f lakes which were se lec ted for 
reduction in this "burin-like" retouching process may have often been 
the large flake debris produced during tula manufacture. As evidenced 
at Lawn Hil l 2, not a l l of the large flakes i n i t i a l l y struck from R 
Chert cobbles have the wide platforms and pronounced bulbs 
characteristics of tulas . Many of those large flakes would, however, 
be suitable for the burin-l ike reduction observed at Louie Creek 2. 
Indeed, i t i s l i k e l y tha t many, if not a l l , of the b u r i n - l i k e 
retouched f lakes at t h i s s i t e were produced during the the i n i t i a l 
reduction of R Chert cobbles which a l so produced f lakes for t u l a s . 
The platform surface of these f lakes was often c o r t i c a l and the 
f lakes were wide (2-4 cm). S i m i l a r i t i e s between the b u r i n - l i k e 
re touched f l a k e s and t u l a d e b r i s e x i s t in o the r m e t r i c a l 
characteristics. Because the size and shape of flakes has often been 
dras t ica l ly altered by retouching, platform dimensions were chosen as 
the best indication of i n i t i a l flake form. Figure 7:13 plots platform 
thickness against platform width for four types of retouched flake at 
Louie Creek 2. Backed b l a d e s , amorphously re touched f l a k e s 
("scrapers"), and t u l a s are a l l d i s c r e t e l y c lus t e red . Burin-l ike 
retouched flakes have large platforms, ranging from the centre of the 
amorphously retouched f lake c l u s t e r to the centre of the t u l a 
c l u s t e r . Thus of a l l retouched f lakes a t Louie Creek 2, the burin-
l ike foinns are closest in platform characteristics to tula flakes, 
reinforcing the idea that both may have been produced in the i n i t i a l 
reduction of R Chert cobbles. The similari ty in platform size between 
burin-like retouched flakes and the large debris from tula reduction 
is also evident in Figure 7:14. 
If both t u l a s and backed blades were produced from the same 
cobbles, then the approximate timing of heat treatment in the 
Generalized Reduction Sequence can be infer red . Hankel (1983:75) 
suggested that tulas would not have been heat treated because this 
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would have reduced t h e i r t e n s i l e s t r e n g t h , and hence t h e i r u se fu lne s s 
as adzes. This expec ta t ion i s borne out a t Lawn H i l l 2, where none of 
the the deb r i s appear t o have been a l t e r e d . This i n d i c a t e s t h a t the 
R Cher t c o b b l e s a r e n o t h e a t t r e a t e d p r i o r t o , or d u r i n g , i n i t i a l 
r e d u c t i o n . I n c o n t r a s t , much of t h e c h e r t a t Lou ie Creek 2 shows 
s i g n s of t h e r m a l a l t e r a t i o n : f r a c t u r e s u r f a c e s a r e u n n a t u r a l l y 
l u s t r o u s and f r e q u e n t l y red i n co lour . More i m p o r t a n t l y , t h e r e a re 
a r t e f a c t s which h a v e l u s t r o u s s c a r s supe r imposed upon r emnan t s of 
d u l l , rough ones. These p a t t e r n s suggest t h a t l a r g e che r t f l a k e s may 
have been hea t t r e a t e d p r i o r to knapping t o form b u r i n - l i k e retouched 
f l a k e s . Th i s t i m i n g of h e a t t r e a t i n g a c t i v i t i e s would e x p l a i n how 
backed b l ades have been t h e r m a l l y a l t e r e d but t u l a s have remained 
u n a l t e r e d . 
7 . 3 CHERT TECHNOLOGIES 
Three components of c h e r t s t o n e w o r k i n g h a v e been examined i n 
t h i s c h a p t e r . I n i t i a l r e d u c t i o n of Q C h e r t was o b s e r v e d a t C o l l e s s 
Creek Quarry 1 and C o l l e s s Creek Quarry 2. Large f l a k e product ion on 
R Cher t was examined a t Lawn H i l l 2 , and t h e l a t e r r e d u c t i o n of 
s i m i l a r l a r g e f l a k e s was ev iden t a t Louie Creek 2. There may be o ther 
forms of che r t stoneworking a t Lawn H i l l but t he se examples enab le 
the bas ic themes of t he technology t o be examined. 
The i n i t i a l s t e p s i n c h e r t r e d u c t i o n were f a r from u n i f o r m . 
Indeed , so much v a r i a t i o n e x i s t s i n c h e r t s t o n e w o r k i n g t h a t i t i s 
unwise t o r e p r e s e n t i t a l l a s one G e n e r a l i z e d R e d u c t i o n Sequence . 
I n s t e a d , t h e r e d u c t i o n can be c h a r a c t e r i z e d as a d i v e r s e s e t of 
s t r a t e g i e s a p p l i e d i n d i f f e r e n t c o n d i t i o n s . Most n o d u l e s of c h e r t 
3 
were of a roughly s i m i l a r volume, 100-250 cm , and a l l were l e s s than 
3 
400 cm . Thus i t was not s i z e but d i f f e r e n c e s i n nodule shape and raw 
m a t e r i a l c h a r a c t e r i s t i c s which s t i m u l a t e d t h e c h o i c e of p a r t i c u l a r 
r e d u c t i o n p r o c e d u r e s . The r e s p o n s e of k n a p p e r s t o v a r i a t i o n s i n 
nodule shape was most c l e a r l y demonstrated a t C o l l e s s Creek Quarry 2 
and Lawn H i l l 2. When nodules were a ngu l a r and covered by a t h i n hard 
c o r t e x , as t h e y were on t h e R C h e r t knapped a t Lawn H i l l 2 , b lows 
were p l a c e d d i r e c t l y on t h e n a t u r a l s u r f a c e and no p l a t f o r m was 
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prepared. Angular cobbles with thicker cortex or with undulating 
surfaces often had a conchoidal platform surface prepared. In 
contrast, very thick cortical surfaces or spheroidal nodules, which 
occur often on the Q Chert at quarries along the edge of the plateau, 
required strategies involving frequent core rotation. Consequently, 
some cores were never rotated, and had only a single platform 
throughout their entire reduction, while others were rotated at the 
initiation of reduction and continued to be rotated until discarded. 
Although these different Generalized Reduction Sequences occur on 
both forms of chert, the single platform cores are typical of R Chert 
and the rotated forms are more frequent on Q Chert. 
At Q Chert quarries, cores were occasionally discarded at all 
stages of reduction, but 55Z were discarded when they were between 30 
g and 90 g (Figure 7:15). No cores smaller than 35 g were found on 
quarries. Cores of all shapes, including both rotated and non-rotated 
varieties, follow this trend of higher discard rates below 90 g 
(Figure 7:15). Many of the larger cores had split along major 
incipient cracks when the final flake was removed and were 
effectively small pieces of stone when they were thrown away. This 
pattern probably reflects inertia problems encountered by knappers 
removing relatively large flakes from cores of this size. 
Initial reduction at the source of the Q Chert was brief. At 
both of the quarries examined along Colless Creek, the average number 
of flakes struck from each core was only eight. This pattern reflects 
not only the small size of most nodules (<200 g), but also the 
limited range of knapping which took place. The vast majority of 
flakes (93Z) removed cortex, suggesting that stoneworking at these 
quarries consisted primarily of stripping cortex from nodules and 
producing cores which could profitably be reduced elsewhere. At 
Colless Creek Quarry 1 for example, two thirds of the cores were 
inferred to have been removed from the site. Flakes were also taken 
from the quarries. 
Calculating the amount of Q Chert reduction which took place 
away from the quarries requires information about the size of the 
cores removed from the quarry. Three estimates can be made of the 
weight at which cores were carried away after initial decortication 
at the quarry. Cores might have been removed after only minimal 
reduction (100-200 g), when they first encounter inertia problems 
(about 90 g), or when they were so small that the large flakes 
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t y p i c a l of quarry knapping could no longer be s t ruck (30-40 g). Away 
from the Q Chert q u a r r i e s both cores and the f l a k e s removed from them 
were r e l a t i v e l y s m a l l . At s i t e s i n the base of the gorge cores made 
on Q Che r t r a n g e be tween 18 g and 45 g i n w e i g h t , a v e r a g i n g 25 g 
(N=15). At t h o s e same s i t e s f l a k e s of Q Che r t a v e r a g e 2.4 g (N=74). 
Table 7:9 employs these da ta to e s t ima te the number of f l a k e s s t ruck 
from c o r e s a f t e r t h e y a r e c a r r i e d from t h e q u a r r i e s . E s t i m a t e 2 i s 
t h e most l i k e l y b e c a u s e i t i s based on t h e p r o p o s i t i o n t h a t c o r e s 
were s e l e c t e d for t r a n s p o r t a t i o n a f t e r they had been s t r i p p e d of much 
cor tex and t h e i r a b i l i t y t o produce l a r g e f l a k e s had diminished, but 
before i n e r t i a problems became pronounced. I f t h i s i s the case , then 
knappe r s s t r u c k 20-30 f l a k e s from Q C h e r t c o r e s t h e y c a r r i e d away 
from t h e q u a r r i e s . Thus , a p p r o x i m a t e l y two o r t h r e e t i m e s as many 
f l a k e s were removed from cores a t non-quarry s i t e s than a t q u a r r i e s . 
A r t e f a c t s made of Q Che r t were n o t t r a n s p o r t e d f a r . They a r e 
common on s u r f a c e s i t e s w i t h i n C o l l e s s and Lawn H i l l g o r g e s , and 
p r e s e n t bu t i n f r e q u e n t i n Louie Creek go rge and s i t e s on t h e p l a i n 
immediately no r th of the p l a t e a u . R Chert was r a p i d l y s u b s t i t u t e d for 
Q Cher t away from t h e p l a t e a u and s i t e s i n t h e n o r t h e r n p o r t i o n of 
the p l a i n do not con ta in Q Chert . 
I n i t i a l r educ t ion of R Chert , which took p l a c e near g r a v e l banks 
i n t h e permanent c r e e k s , was a l s o b r i e f . At Lawn H i l l 2 , an a v e r a g e 
of t en f l a k e s were s t ruck from each core . Knappers s e l e c t e d nodules 
which had h a r d t h i n c o r t e x , were a n g u l a r i n shape and were w i t h o u t 
major i n c i p i e n t c racks . Forcefu l blows were a p p l i e d t o f l a t c o r t i c a l 
surfaces t o produce l a r g e broad f l a k e s wi th pronounced b u l b s . These 
f l a k e s averaged 21.6 g i n weight (N=21). Blows were p laced r e l a t i v e l y 
f a r from t h e c o r e edge and when p r o b l e m s such as s t e p or h i n g e 
t e rmina t ions were encountered, blows were moved even f u r t h e r from the 
edge t o y i e l d t h i c k e r and w i d e r f l a k e s . S t r i k i n g of f such l a r g e 
f l a k e s r a p i d l y r e d u c e d t h e s i z e of t h e c o r e s , many of which were 
d iscarded when they weighed on average 134.4 g (N=12). 
The absence of cores from conjoin s e t s a t Lawn H i l l 2 i n d i c a t e s 
t h a t some cores were c a r r i e d away and reduced e l sewhere . Many of the 
R Chert cores t r a n s p o r t e d northward onto the p l a i n may have come from 
s i t e s such as t h i s one i n t he gorge. In Chapter 5 i t was demonstrated 
t h a t a l though r o t a t i o n of R Chert cores i s in f requen t i n the gorges , 
i t becomes i n c r e a s i n g l y f r e q u e n t a s t h e c o r e s a r e t r a n s p o r t e d 
n o r t h w a r d o n t o t h e C a r p e n t a r i a n P l a i n . Th i s t r e n d was i n t e r p r e t e d 
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pr imari ly as an attempt to control core shape as core s ize decreased. 
I t was suggested t h a t the cores found a t Lawn H i l l 2 had been 
d i sca rded because t h e i r shape p reven ted the knapper(s) p l a c i n g 
f u r t h e r blows on the c o r t i c a l p l a t fo rm . Reduct ion might have been 
continued by ro ta t ing the cores and employing conchoidal platforms. 
Because t h e r e i s no o b s e r v a b l e mechanica l f a c t o r p r e v e n t i n g the 
further reduction of these cores, they were presumably discarded in 
favour of other chert cobbles which occur in abundance in the nearby 
r i v e r g rave l s . If t h i s i s the case, then the cores discarded at Lawn 
H i l l 2 may have been s imi lar to cores which were carr ied out onto the 
p l a i n s to the no r th . Such an assumption p r o v i d e s the in fo rmat ion 
necessary to roughly estimate the amount of reduction tha t took place 
as knappers c a r r i e d cores away from the gorge and knapped them by 
se t t ing up new platforms. The average weight of cores a t Lawn H i l l 2 
i s 134.4 g. On the p l a i n s to the n o r t h R Chert cores weighed 32.3 g 
(N-7) on average and f lakes removed from them averaged 2.4 g (N=94). 
Using t h e s e d a t a , i t i s e s t ima ted t h a t on a v e r a g e , about 102 g of 
stone, consist ing of 43 f l akes , were removed from the R Chert cores 
knapped on the p la in . 
Large wide f l a k e s were a l s o removed from the s i t e s where the 
i n i t i a l r e d u c t i o n of R Chert took p l a c e . Many of t h e s e f l a k e s had 
wide c o r t i c a l p l a t fo rms and pronounced bu lbs and t h e s e were of ten 
re touched d i s t a l l y t o form t u l a s . Other f l a k e s produced dur ing 
i n i t i a l reduction were not su i t ab l e for t u l a s because they were too 
narrow and/or had f l a t ven t r a l surfaces. Evidence from Louie Creek 2 
i n d i c a t e s t h a t a t l e a s t some of t h e s e f l a k e s were re touched i n a 
b u r i n - l i k e way and the r e s u l t i n g s p a l l s manufactured i n t o backed 
blades. On most specimens, only two or three s p a l l s l a rger than 1 cm 
were struck and on average only one of these f lakes was backed. Some 
of these bu r in - l i ke retouched f lakes may have been carr ied away for 
reduction elsewhere. 
Examinations of the backed blades a t Louie Creek 2 revea l tha t 
they were broken dur ing manufacture and were p robab ly never used, 
sugges t ing t h a t f i n i s h e d backed b l a d e s were transported to a th i rd 
s e t of l o c a t i o n s . Thus even w i t h i n the gorge system, the r e d u c t i o n 
and use of R Chert cobb les took p l a c e a t a number of l o c a t i o n s and 
yielded a number of d i s t i n c t i v e forms of retouched f lakes . 
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7 . 4 DISCUSSION 
COMPARISON OF CHERT AND GREYWACKE TECHNOLOGIES 
There a re a number of s t rong c o n t r a s t s between the two main raw 
m a t e r i a l s f l a k e d by p r e h i s t o r i c p e o p l e a t Lawn H i l l . Greywacke i s 
m e c h a n i c a l l y weaker and l e s s s t i f f t h a n c h e r t . I n C h a p t e r 3 i t was 
argued t h a t t hese d i f f e r ences would have made f r a c t u r e i n grejrwacke 
l e s s c o n t r o l l a b l e , i r r e s p e c t i v e of the n a t u r e of stoneworking, and 
t ha t blows c l o s e t o the p l a t fo rm edge of a greywacke core would lead 
to s h a t t e r e d f l a k e s and s t e p t e r m i n a t i o n s . D i f f e r e n t f r a c t u r e 
p r o p e r t i e s t h e r e f o r e e x p l a i n why the p r e h i s t o r i c knappers worked the 
two m a t e r i a l s i n d i f f e r e n t ways. On greywacke c o r e s t h e k n a p p e r s 
removed l a r g e f l a k e s by l o c a t i n g blows r e l a t i v e l y fa r from the core 
edge and i m m e d i a t e l y above a p ronounced r i d g e on t h e c o r e f a c e . On 
c h e r t , b lows were o f t e n l o c a t e d v e r y c l o s e t o t h e p l a t f o r m edge on 
g r a d u a l l y curv ing cores or sma l l b u r i n - l i k e retouched f l a k e s . Thus 
whi le che r t f l a k e s tended to be t h i n and had a v a r i e t y of t r a n s v e r s e 
c r o s s - s e c t i o n s , greywacke f l a k e s were t h i c k e r and f r e q u e n t l y had 
c r o s s - s e c t i o n s which a r e an acu te t r i a n g l e . 
V a r i a t i o n s i n technology a l s o r e s u l t e d from d i f f e r ences i n the 
s i z e of n o d u l e s of greywacke and c h e r t . C h e r t o c c u r r e d m a i n l y as 
3 
a n g u l a r n o d u l e s l e s s t h a n 8 cm l o n g and 300-400 cm i n v o l u m e , 
whereas greywacke sometimes occurred as l a r g e rounded bou lde r s more 
than 30-40 cm long and 5,000 cm i n volume. These d i f f e r e n c e s i n s i z e 
were one of the main f a c t o r s de termining the number of f l a k e s s t ruck 
from a n o d u l e . I t was e s t i m a t e d t h a t t h e maximum number of f l a k e s 
u s u a l l y s t r u c k from c h e r t c o r e s was 30-50 , w h e r e a s on t h e l a r g e 
greywacke bou lde r s a t Page Creek i t was es t imated t h a t 70-100 f l a k e s 
was the average s t ruck from each nodule . This s i z e e f f e c t was ev iden t 
a t the greywacke outcrop on Dinner Creek, where knappers on ly s t ruck 
2-10 f l a k e s from t h e s m a l l g reywacke c o b b l e s . Thus , t h e number of 
f l a k e s removed from each nodule was condi t ioned more by nodule s i z e 
t h a n by t h e f r a c t u r e p r o p e r t i e s of t h e two t y p e s of r o c k . 
N e v e r t h e l e s s , the f a c t t h a t greywacke nodules were o f ten l a r g e and 
c h e r t ones s m a l l was a s i g n i f i c a n t i n f l u e n c e on t h e way each r o c k 
type was knapped. 
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Physical differences in the shape and distribution of cortex on 
chert and greywacke nodules also led prehistoric knappers to work the 
two raw materials differently. Weathered chert nodules have a hard 
thin cortex, and the prehistoric knappers usually reduced chert 
cobbles simply by striking the cortical surface. Greywacke cortex was 
thick, porous and much softer, and prehistoric knappers invariably 
reduced greywacke nodules by striking off one end to provide a 
conchoidal platform. The thickness and softness of cortex on 
greywacke nodules was quite variable within one block, and it has 
been demonstrated that a primary consideration for prehistoric 
knappers beginning to work a greywacke nodule was to strike an area 
with thin cortex; nodule shape had little influence on the approach 
to working greywacke. Cortex on chert was highly uniform and 
the main factor affecting the knapping strategy was the shape of the 
nodule. 
On both types of stone material, heat treating was inferred to 
have taken place late in the sequence of reduction, immediately prior 
to retouching flakes. It is likely that this coincidence in timing of 
thermal alteration occurs for sound mechanical reasons. Greywacke 
nodules, especially those from the Page Creek quarries, are too large 
to successfully alter. Consequently, it was most efficient to heat 
treat fragments which were not too thick, such as elongate flakes 
prior to retouching into points. Chert nodules, however, are small 
enough to be heat treated, but they were not. As already discussed 
the unsuitability of employing thermally altered cherts as tulas is 
one reason prehistoric knappers may have preferred to heat treat only 
chert flakes. 
The retouching techniques suited to the two raw materials were 
different. Prehistoric knappers at Lawn Hill employed bipolar 
techniques only when retouching chert flakes. Experimental knapping 
showed that bipolar backing of small, thin greywacke flakes was 
impossible because it invariably resulted in the flake snapping into 
several pieces. This suggests that the prehistoric choice of 
retouching technique was strongly influenced by the mechanical 
properties of the two rocks. 
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Compared w i t h greywacke t e c h n o l o g y t h e r e was a much g r e a t e r 
d i v e r s i t y of s t o n e w o r k i n g s t r a t e g i e s a p p l i e d by k n a p p e r s who were 
working che r t . Furthermore, d e s p i t e dramat ic v a r i a t i o n i n the s i z e of 
greywacke n o d u l e s a t each q u a r r y t h e main change i n t e c h n o l o g i c a l 
s t r a t e g i e s a p p l i e d t o greywacke o c c u r r e d w i t h i n c r e a s i n g d i s t a n c e 
from the quarry , probably t o f a c i l i t a t e r a t i o n i n g . In c o n t r a s t , even 
on t h e p l a t e a u and w i t h i n t h e g o r g e s , where c h e r t i s p l e n t i f u l , 
knapping of c h e r t i n v o l v e d of a number of s t r a t e g i e s . M o r e o v e r , a t 
C o l l e s s Creek Quar ry 2 t h e r e was a g r e a t e r r e s p o n s e by k n a p p e r s t o 
d i f fe rences i n the shape of nodules than was exh ib i t ed a t greywacke 
q u a r r i e s . 
These t e c h n o l o g i c a l d i f f e r ences probably account for some of the 
p a t t e r n s which can be o b s e r v e d i n raw m a t e r i a l r a t i o n i n g a t Lawn 
H i l l . For e x a m p l e , c l o s e t o c h e r t s o u r c e s t h e r e i s much more 
assemblage v a r i a t i o n and l e s s cons i s t ency i n the r e l a t i o n s h i p between 
assemblage content and d i s t a n c e t o replacement che r t than t h e r e i s 
w i t h grejrwacke ( s ee F i g u r e s 5 :6 , 5 :10 , 5 :12 , 5 :14, 5 :23) . Th i s 
u n d o u b t e d l y r e f l e c t s t h e g r e a t e r v a r i e t y of k n a p p i n g s t r a t e g i e s 
e m p l o y e d on c h e r t i n t h e g o r g e and t h e u n i f o r m a p p r o a c h t o 
s t o n e w o r k i n g a t and n e a r g r e y w a c k e q u a r r i e s . Many o t h e r 
d i s s i m i l a r i t i e s i n the way che r t and greywacke was r a t i one d d e r i v e 
from d i f f e r ences i n the way p r e h i s t o r i c stoneworkers responded to the 
p r o p e r t i e s of s tone . 
The importance of t he se d i f f e r e n c e s i n the s tone p r o p e r t i e s for 
the behaviour of the p r e h i s t o r i c knappers can a l s o be considered i n 
terms of the r a t i o n i n g model desc r ibed i n Chapter 5. The product ion 
of d i f f e r e n t kinds of ob j ec t s from each kind of s tone mot iva ted the 
t r a n s p o r t a t i o n and consequent r a t i o n i n g of a r t e f a c t s . I f p r e h i s t o r i c 
knappers had been a b l e to manufacture a p a r t i c u l a r ob jec t on any of 
the a v a i l a b l e raw m a t e r i a l s t h e r e would have been l i t t l e i n c e n t i v e to 
t r a n s p o r t greywacke t o l o c a t i o n s where c h e r t was a v a i l a b l e and 
v i c e v e r s a . At Lawn H i l l , r e p l a c i n g a r t e f a c t s of most s i z e s and 
shapes would have i n v o l v e d ob ta in ing f u r t h e r s tone of t h a t p a r t i c u l a r 
k i n d , and so i t i s n o t s u r p r i s i n g t h a t a sys t em of t r a n s p o r t i n g and 
conserving ob jec t s deve loped . 
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RAW MATERIALS. TECHNOLOGY, AND IMPLEMENT TYPES 
It has been suggested that at Lawn Hill there is a complex and 
important interaction between stone materials and stoneworking 
technology. This interaction is clearly seen in the correlation of 
types of retouched flakes and stone materials. Table 7:10 displays 
data collected on 349 retouched flakes during the 1982 field surveys. 
Backed blades and tulas were made only from chert, and the vast 
majority of unifacial and bifacial points were made from greywacke. 
Chert and greywacke retouched flakes differed in a number of other 
ways. The average length of greywacke retouched flakes was 5.7 cm, 
much greater than the 3.4 cm average length of chert retouched 
flakes. Chert retouched flakes often have different platform 
characteristics to retouched greywacke flakes. For example, 90Z of 
the chert tulas recorded in the 1982 survey (N=60) had cortical 
platforms whereas all of the greywacke points had conchoidal 
platforms. 
Distinctions between the forms of prehistoric stoneworking at 
Lawn Hill are apparent in the flaking debris as well as in the 
retouched flakes. As an example of these distinctions. Figures 7:16-
18 plots the platform area against the elongation of unretouched 
flakes. Greywacke flakes from Knapping Location 3 at Page Creek 
Quarry 1 show a negative relationship between these attributes and 
the vast majority (92Z) occur above the line defined by the equation 
y=»-0.087x+2.26 where y is elongation and x is platform area (Figure 
7:16). With the exception of those flakes with platform areas less 
than 0.5 cm , all chert flakes occur below this line (Figures 7:17-
18). Furthermore, with only a small overlap, the flakes associated 
with backed blade manufacture at Louie Creek 2 are more elongate and 
have smaller platforms than those at Lawn Hill 2, which may be 
related to the production of flakes for tulas (Figures 7:17-18). 
Thus, flakes which were selected for retouching into the various 
distinctive "implement" types were drawn from equally distinctive 
assemblages of flakes (Figure 7:19). 
The proposition put forward here is that these archaeological 
patterns, observable on both retouched and unretouched flakes, 
reflect elementary differences in aspects of stoneworking because the 
knappers used reduction techniques and strategies suited to the size, 
shape, and type of raw material at hand. This is not to imply that 
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there is only one way to reduce a particular raw material, or that 
all knappers were equally skilled. Nevertheless, for any one raw 
material, only a limited range of knapping actions are viable, and 
only an even smaller number may provide outcomes which please the 
knappers. The strong correlation of raw material properties and 
technology has implications for archaeological analysis in the Lawn 
Hill region. 
The morphology of stone artefacts is often said to contain 
stylistic and functional components (cf. Hayden and Kamminga 1979; 
Isaac 1972; Sackett 1973, 1982). It may be difficult to apply such a 
perspective at Lawn Hill, where detailed analysis revealed little 
variation which was not related to technology and stone material 
properties. For example, flake size and shape, and implement type 
appear tightly correlated to raw material form and if there had been 
other raw materials it can be predicted that the archaeological 
material would have looked different. The technological data suggests 
that if there had been no chert at Lawn Hill there would have been no 
tulas or backed blades produced locally. This argument suggests two 
mutually exclusive conclusions about the identification of style and 
function in the morphology of prehistoric stone artefacts at Lawn 
Hill. Firstly, it could be that implement types do not necessarily 
have a recognisable stylistic or functional component. Alternatively, 
it could be the case that style, raw material, technology and 
function do not each contribute separate and distinct components to 
stone manufacturing activities and artefact form. In this context it 
is important to note that the strong correlations of raw material 
properties and artefact form do not, by themselves, indicate whether 
prehistoric technology was simply determined by the nature of 
available stone or whether the prehistoric stoneworkers chose stone 
materials appropriate to their technologies and desired ends. The 
issue of what causes artefact form is a complex one, and can be 
debated at many levels, but the data from this study do show that 
detailed technological studies can identify subtle effects of raw 
material which are not at first apparent. 
The strong correlation of technology and raw materials also 
raises the issue of the degree to which chronological changes in 
technology can occur. Since fracture characteristics and the location 
of outcrops at Lawn Hill have not altered since the initial human 
occupation of the region, these factors cannot be responsible for 
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temporal differences in assemblages. It is, however, possible that 
the human technological response to stone properties may have changed 
through time. Furthermore, it has been demonstrated that technology 
at Lawn Hill altered in response to the need to ration stone. 
Hence, it is possible that the availability of stone may have changed 
through time, as a result of changes in factors such as the size of 
group territory and the pattern of human movements within it. The 
role of these factors in producing chronological trends in stone 
artefacts is examined in the next chapter, which reports on the 
excavation of Colless Creek Cave. 
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CHRONOLOGICAL CHANGE AT COLLESS CREEK CAVE 
8.1 THE SETTING 
C o l l e s s Creek Cave i s l o c a t e d on a s m a l l t r i b u t a r y c r e e k of 
Col l e s s Creek , a p p r o x i m a t e l y 7 km from where t h e B a r k l y T a b l e l a n d 
a b r u p t l y g i v e s way t o t h e C a r p e n t a r i a n P l a i n . The c a v e f a c e s e a s t 
i n t o a sma l l t r i b u t a r y v a l l e y on the southern s ide of C o l l e s s Creek 
Gorge. The en t rance to the cave i s 15 m above the l e v e l of the creek, 
a t t h e t o p of a s t e e p s c r e e s l o p e , and a t t h e b a s e of a 15 m h i g h 
v e r t i c a l c l i f f . At t h i s po in t C o l l e s s Creek flows d i r e c t l y eastward 
towards Lawn H i l l Creek and minor gorges con ta in ing seasona l stream 
channels j o i n the C o l l e s s Creek Gorge from the n o r t h and the south. 
The t o p o g r a p h i c c o n t r a s t be tween t h e p l a t e a u and t h e go rge i s 
d i s t i n c t . 
The P l a t e a u 
The p l a t e a u above the cave c o n s i s t s of rugged, deep ly d i s s e c t e d 
f l a t - t o p p e d h i l l s and n e a r - v e r t i c a l g u l l i e s formed on o u t c r o p s of 
h e a v i l y j o i n t e d and d i s s e c t e d d o l o m i t e . Between 60Z and 70Z of t h e 
ground s u r f a c e i s b a r e r o c k . P o o r l y d r a i n e d s k e l e t a l s o i l s h a v e 
accumulated i n low l y i n g a reas and i n the bases of g u l l i e s . 
There i s no w a t e r a v a i l a b l e on t h e p l a t e a u d u r i n g t h e d r y 
season . Dur ing t h e wet s e a s o n , w a t e r would be a v a i l a b l e o n l y a f t e r 
r a i n , when i t would l i e f o r v e r y s h o r t p e r i o d s i n h o l l o w s i n t h e 
rocks and i n the seasona l creek d r a i n i n g the p l a t e a u . 
Taylor (1983:49-50) desc r ibed the p re sen t p l a t e a u v e g e t a t i o n as 
a E u c a l y p t u s t e r m i n a l i s - T e r m i n a l i a spp. a s s o c i a t i o n . The t a l l e s t 
s t ra tum of p l a n t s i s dominated by E. t e r m i n a l i s , wi th s m a l l e r numbers 
of E. g r a n d i f o l i a . E . c o n f e r t i f l o r a , L y s i p h y l l u m cunninghamii, and 
T r i s t a n i a g r a n d i f l o r a . The lower s t ra tum of t r e e s / s h r u b s c o n s i s t s of 
va r ious Termina l ia s p e c i e s , Ficus oppos i t a and G r e v i l l e a mimosoides. 
Ground c o v e r o v e r much of t h e t e r r a i n i s T r i o d i a sp . b u t n e a r t h e 
edge of C o l l e s s Creek gorge, where mois tu re l e v e l s a re h ighe r , t h i s 
i s d i s p l a c e d by o t h e r g r a s s e s s u c h a s S e h i m a n e r v o s u m o r 
Hete ropogon c o n t o r t u s . T a y l o r (1983) sugges t ed t h a t Aborigines a re 
l i k e l y t o h a v e e x p l o i t e d s e a s o n a l l y a v a i l a b l e f r u i t s 
(F i cus o p p o s i t a and T e r m i n a l i a a r i d i c o l a ) and m a t e r i a l s for wooden 
and c o m p o s i t e a r t e f a c t s ( T r i s t a n i a g r a n d i f l o r a , F i c u s o p p o s i t a . 
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T r i o d i a spp , and E . t e r m i n a l i s ) . 
A l a r g e v a r i e t y of mammals a re found on the p l a t e a u (see Table 
3 : 3 ) . L a r g e k a n g a r o o s p e c i e s ( e g . M a c r o p u s r o b u s t u s and 
Macropus rufus ) , b a t s , possums, band icoo t s , echidnas , r a t s and sma l l 
c a r n i v o r e s could a l l have been caught on the p l a t e a u above the s i t e . 
C o l l e s s Creek Cave i s l o c a t e d i n t he c h e r t - b e a r i n g do lomi te of 
t h e T h o r n t o n i a L i m e s t o n e . C h e r t from t h i s and t h e n e i g h b o u r i n g 
formation, the Camooweal Dolomite, i s the o n l y raw m a t e r i a l s u i t a b l e 
for s tone a r t e f a c t manufacture which can be ob ta ined near t he cave. 
At t h e v e r y edge of t h e p l a t e a u , where i t i s t r u n c a t e d by C o l l e s s 
Creek g o r g e , c h e r t e r o d e s o u t of t h e d o l o m i t e i n t h i n bands and 
l e n s e s . Th i s i s t h e Q (Quar ry) C h e r t d e s c r i b e d i n C h a p t e r 3 , and i n 
the v i c i n i t y of C o l l e s s Creek Cave i t i s a v a i l a b l e o n l y a t t he edge 
of t h e p l a t e a u . Two t y p e s of a r c h a e o l o g i c a l s i t e were found on t h e 
p l a t e a u above C o l l e s s Creek Cave. At s e v e r a l p o i n t s a long the c l i f f 
l i n e t h e r e were q u a r r y and k n a p p i n g l o c a t i o n s a s s o c i a t e d w i t h t h e 
outcropping che r t . Access t o t he se Q Chert q u a r r i e s from the base of 
the gorges , and from C o l l e s s Creek Cave, i s o f t en d i f f i c u l t because 
of the presence of c l i f f s . Away from the p l a t e a u edge t h e r e were two 
s i t e s c o n t a i n i n g l a r g e numbers of g r i n d s t o n e s made of s a n d s t o n e 
imported from the nor th . 
The Gorge 
Near t h e c a v e C o l l e s s Creek g o r g e i s a b o u t 160 m wide and i s 
separa ted from the p l a t e a u by 30-45 m high c l i f f s . In C o l l e s s Creek, 
c l o s e t o the cave , t h e r e a r e s e v e r a l permanent p o o l s of water which 
remain 1.5-2 m deep t h r o u g h o u t t h e d r y s e a s o n , and c o n t a i n f r e s h 
water , f i s h , t u r t l e , c r o c o d i l e , s h e l l f i s h , f reshwate r Crus tacea , and 
e d i b l e p l a n t s such as w a t e r l i l y (Nymphaea v i o l a c e a ) . F igure 8:1 shows 
a v e g e t a t i o n t r a n s e c t a c r o s s t h e gorge immedia te ly downstream from 
C o l l e s s Creek Cave ( T a y l o r 1983 :114-116) . On t h e n o r t h s i d e of t h e 
gorge a rocky sc ree s l o p e i s dominated by Euca lyp tus t e r m i n a l i a . At 
the base of the s l o p e a t h i n u n d u l a t i n g a l l u v i a l f l a t i s dominated by 
a euca lyp t woodland (E.papuana and E.polycarpa) and a l a r g e grove of 
Cycas s p . S m a l l s h r u b s of G r e w i a r e t u s i f o l i a and t h e v i n e 
P a s s i f l o r a f o e t i d a o c c u r a l o n g w i t h G r e v i l l e a mimoso ides and 
Ficus oppos i t a . C lose r to t he creek a r e e x t e n s i v e pa tches of g r a s se s 
such as P h r a g m i t e s sp . Growing on t h e c r e e k bank i t s e l f a r e 
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M e l a l e u c a s p . , P a n d a n u s a q u a t i c u s and A c a c i a h e m s l e y i . On t h e 
s o u t h e r n s i d e of t h e c r e e k c h a n n e l i s an a r e a of " e l e p h a n t g r a s s " 
( P h r a g m i t e s s p . ) , b u l r u s h e s ( T y p h a o r i e n t a l i s ) , s e d g e s 
( S c i r p u s l i t t o r a l i s ) and j u v e n i l e M e l a l e u c a s p . C l o s e r t o t h e c l i f f s 
o n t h e s o u t h e r n s i d e o f t h e g o r g e a r e A c a c i a s p p . , 
G r e w i a r e t u s i f o l i a , P h r a g m i t e s s p . and V e t i v e r i a e l o n g a t a . The 
p a t t e r n of v e g e t a t i o n v a r i e s g r e a t l y n o t o n l y a c r o s s t h e g o r g e b u t 
a l s o u p s t r e a m a n d d o w n s t r e a m f rom C o l l e s s C r e e k C a v e . Two o t h e r 
d e t a i l e d t r a n s e c t s w h i c h T a y l o r ( 1 9 8 3 ) s u r v e y e d a c r o s s t h e g o r g e 
r e v e a l e d n o t m e r e l y d i f f e r e n t a s s o c i a t i o n s of p l a n t s , b u t d i f f e r e n t 
t y p e s o f p l a n t s , s u c h a s L i v i s t o n a s p . , F i c u s r a c e m o s a . 
B r a c h y c h i t o n a u s t r a l i s , and C e l t i s p h i l i p a n s i s . 
The g o r g e c o n t a i n s f e w e r mammal s p e c i e s t h a n t h e a d j a c e n t 
p l a t e a u , a l t h o u g h s m a l l k a n g a r o o s , b a t s , possums, e c h i d n a s , and r a t s 
can be found. W a t e r - d w e l l i n g mammals such a s t h e p l a t y p u s and w a t e r -
r a t l i v e d a l o n g t h e s t r e a m s a t t h e b a s e of t h e g o r g e . 
There i s a g r a v e l bank i m m e d i a t e l y o u t s i d e C o l l e s s Creek Cave , 
a t t h e j u n c t i o n of C o l l e s s Creek and t h e s e a s o n a l l y f l o w i n g t r i b u t a r y 
which j o i n s i t from t h e n o r t h . Along t h e s e a s o n a l c r e e k t o t h e n o r t h 
t h e r e a r e m o r e e x t e n s i v e g r a v e l b a n k s . A m a j o r c o m p o n e n t of t h e s e 
b a n k s i s c o b b l e s of c h e r t . T h e s e g r a v e l b e d s a r e a p l e n t i f u l and 
r e l i a b l e s o u r c e of t h e good q u a l i t y R ( R i v e r ) C h e r t d e s c r i b e d i n 
C h a p t e r 3 , and i n m o s t a r e a s 30-40Z of t h e c o b b l e s a r e of f l a k e a b l e 
q u a l i t y and s i z e . Open a r t e f a c t s c a t t e r s w i t h i n t h e g o r g e g e n e r a l l y 
h a v e l a r g e r a m o u n t s of t h i s R C h e r t t h a n o f t h e Q C h e r t w h i c h comes 
from t h e edge of t h e p l a t e a u . 
8.2 THE CAVE AND ITS HISTORY 
CAVE MORPHOLOGY AND THE EXCAVATIONS 
C o l l e s s Creek Cave i s 7 m w i d e , 2 m h i g h and e x t e n d s 12 m i n t o 
t h e c l i f f f a c e ( F i g u r e 8 :2) . The c a v e f l o o r has a v e n e e r of g r a v e l 
and a r t e f a c t s and t h e r e a r e s e v e r a l l a r g e b l o c k s of roo f f a l l 
p ro t rud ing from the d e p o s i t . 
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In 1979 Phil Hughes and Ken Aplin excavated four 50 cm x 50 cm 
squares (see Figure 8:3). Two squares (P46 and Q46) were located at 
the rear of the shelter where animal disturbance had revealed a 30 cm 
vertical section in the deposit. Another two squares (T39 and U39) 
were dug close to the entrance on the northern side of the cave where 
no disturbance had occurred. In 14 days Hughes and Aplin dug 0.45 m^ 
of deposit, paying particular attention to stratigraphic information 
and the collection of dateable materials. They established that the 
deposit consisted of two stratigraphic units, called Unit A and Unit 
B, and that archaeological debris was found in both units. 
In 1982, I revisited the site, excavated a further ten squares, 
and surface collected four squares in the cave and 66 squares on the 
scree-slope outside the cave. There were three main purposes for the 
second field season. Firstly, it was necessary to excavate and 
surface collect as many squares as possible in order to test 
propositions about spatial variations within the site. Secondly, it 
was considered important to excavate more of the lower unit to 
determine the depth and age of artefactual material it contained, and 
to increase the sample of artefacts from Unit B. Thirdly, in order to 
test hypotheses I had at the time (Hiscock 1984a), it was necessary 
to excavate a square towards the front of the cave which could be 
dated to yield an age/depth curve. The squares Hughes dug in 1979 at 
the front of the shelter (T39 and U39) had very shallow deposits of 
Unit A, but there were indications that adjacent squares might 
provide extended sequences capable of yielding an age/depth curve, 
and hence allow the testing of propositions about chronological 
changes in artefact discard rates. 
The location of squares excavated in the 1982 field season is 
shown in Figure 8:4. Two of the pits dug by Hughes and Aplin (T39 and 
U39) were re-opened and further excavated. The adjacent squares, T38 
and U38, were also excavated simultaneously so that it was possible 
to stand in the trench to excavate deeper. These four squares, T38/39 
and U38/39, were excavated to a maximum depth of 1.5 m in an attempt 
to determine the thickness of the deposit, the depth to which 
artefacts occur, stratigraphic changes, and to obtain material which 
might date Unit B. Squares S39, Q38, R38, S38, S37, T37, U37, and K39 
were excavated to the base of Unit A in an attempt to assess the 
spatial variation within the cave and to obtain basal dates for Unit 
A. 
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I n 43 days 0.93 m of d e p o s i t were e x c a v a t e d a t a r a t e of 81 
work days/m . The excava t ion methods employed were those o u t l i n e d by 
Johnson (1980) . S p i t s a v e r a g e d 1.5-2 cm i n d e p t h and a b u l k s a m p l e 
was taken from each. A l l sediment was dry s i eved through pa i red 2 mm 
and 6 mm mesh. A l l m a t e r i a l r e t a i n e d i n the s i e v e s was taken back to 
Brisbane for s o r t i n g . 
STRATIGRAPHY 
In a l l squares the same s t r a t i g r a p h i c sequence was found. Hughes 
and Magee have d i scussed the h i s t o r y of sediment accumulat ion (Hughes 
1983; Magee and Hughes 1982) , and o n l y a summary of t h e i r a rgument s 
i s provided here . Hughes i d e n t i f i e d two d i s t i n c t l a y e r s separa ted by 
a g r a v e l l a g ( s e e F i g u r e 8 :5) . The uppe r l a y e r . U n i t A, i s d o l o m i t e 
g r a v e l d e r i v e d from roof f a l l , i n a d a r k brown (lOYR 4 /3 ) sandy 
matr ix made up of p e d o r e l i c t s of c a l c a r e o u s c l a y and qua r t z g ra in s 
wi th c l a y r i c h cutans (Magee and Hughes 1982). 
U n i t B, t h e l a y e r b e l o w t h e g r a v e l l a g , i s r e d d i s h brown (5YR 
4/4) sediment con ta in ing occas iona l fragments of dolomi te g r a v e l and 
nodules of secondary carbonate . A s m a l l percentage of g r a v e l , p l u s 
q u a r t z g r a i n s and p e d o r e l i c t s , a r e found i n a m a t r i x of w e l l 
o r g a n i s e d i r o n - r i c h c a l c a r e o u s c l a y which i n c l u d e s c u t a n s and 
secondary carbonate p r e c i p i t a t e d i n v o i d s and a round g r a i n s (Magee 
and Hughes 1982). 
Magee and Hughes (1982) argued t h a t wi th the except ion of roof-
f a l l and c u l t u r a l m a t e r i a l , most of the depos i t has en te red t he cave 
through f i s s u r e s a t the r e a r . The source of t h i s sediment appears to 
be c l a y - r i c h s o i l found on the p l a t e a u above the cave . They suggest 
t h a t the o r i g i n of the ma t r i x of both Uni t s A and B i s s u b s t a n t i a l l y 
the same, and t h a t the d i f f e r e n c e s between them r e s u l t l a r g e l y from 
prolonged _in s i t u weather ing of Unit B sediments . The main evidence 
for t h i s i s t he d e s t r u c t i o n of p e d o r e l i c t s and the r e o r g a n i z a t i o n of 
m a t e r i a l t o form t h e U n i t B m a t r i x (Hughes 1983 :60 ) . O the r s u p p o r t 
comes from the h i g h l y degraded c o n d i t i o n of the s tone a r t e f a c t s and 
bone fragments i n Unit B. Hughes' conc lus ion about Unit B was t h a t . 
The r e l a t i v e l y h i g h d e g r e e of p e d o g e n i c 
o r g a n i s a t i o n i n d i c a t e s c o n s i d e r a b l e weather ing of 
the depos i t over a long per iod of t ime under much 
w e t t e r cond i t i ons than today. (Hughes 1983:61). 
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Although the two part stratigraphic sequence occurs in all 
trenches excavated in the cave. Unit A is not represented in square 
Q46 as animal disturbance and water has removed the upper 25 cm of 
sediment to expose the gravel lag separating the two strata. Hughes 
used this to advantage by excavating Q46 and obtaining a sample of 
Unit B without having to remove the overlying material. 
The cave floor slopes markedly from the back of the shelter to 
the front and falls 30 cm from the northern side to the southern 
side. As a result of these slopes, water currently runs through the 
cave along the southern wall, and it is here that lags of gravel and 
artefacts are most frequent. 
After the 1982 excavations it was possible to describe the 
surface topography of the disconformity between Units A and B. The 
distribution of lags of gravel and artefacts at this level indicates 
that although the entire surface of Unit B was subject to erosion 
there was a considerable flow of water through the central parts of 
the cave (see Figure 8:6). A north-south section across the cave 
shows that these lags are concentrated in distinct erosion channels 
(see Figure 8:7). As a consequence of these erosional patterns, the 
surface of Unit B is lowest along the southern wall and in the 
central erosion channel. It is in these areas that the subsequent 
accumulation of Unit A sediment was deepest. 
AGE OF THE DEPOSIT 
Unit A was dated using radiocarbon determinations on freshwater 
mussel shel ls . Unit B contained no dateable organic material and so 
has not been dated. In order to check the r e l i a b i l i t y of the s h e l l 
dates , a sample of l i v i n g mussels was c o l l e c t e d and t h e i r s h e l l s 
tested for C14 act ivi ty. The resul t , 99.3+^ 1.OZ (ANU 2444), indicates 
that the dates are r e l a t i v e l y accurate and tha t age estimates are 
unlikely to be more than 1000 years greater than the true ages of the 
shel ls (Magee and Hughes 1982). X-ray diffraction analysis of shel ls 
determined t h a t no ca rbona te r e c r y s t a l i z a t i o n had occurred 
(P.J.Hughes pers . comm.). 
168 
Chapter 8 
Initially, four dates were obtained from spits 2, 5, 8 and 10 of 
P46 (Table 8:1). These dates gave an internally consistent 
chronology, age increasing with depth. Two further dates were 
obtained from U39 and T39 (see Table 8:1). Three age estimates in 
three different squares (P46/10, U39/5, T39/6) gave roughly the same 
date for the initiation of sediment accumulation in Unit A. The 
variation in these determinations (ANU 2331, ANU 2509, ANU 2508) may 
result from two factors in addition to any inherent variability in 
the age estimates. First, the spits in U39 and T39 presumably cover a 
large amount of time and the age estimate for any spit may only be 
the midpoint of the time spanned by that spit. Thus it is not 
surprising that the estimates for U39/5 and T39/6 are slightly 
younger than the P46 determination for the same event. In addition, 
the date in T39 is from the second lowest spit in Unit A. The lowest 
spit, T39/7, contained a small quantity of shell which was highly 
fragmented and degraded and unlikely to produce sufficient dateable 
material. Second, although the beginning of Unit A accumulation 
should be broadly contemporary across the cave floor, it need not be 
precisely so. Since all non-roof-fall sediment entered the cave 
through fissures at the rear, it is not surprising that the initial 
accumulation of Unit A sediment at the rear of the site occurred 
slightly earlier than at the entrance. The three dates are thus more 
consistent than first impressions may indicate. 
Age/depth curves cannot be constructed for T39 and U39 because a 
period of 17,500 years is compressed into only 15 cm of deposit which 
was excavated in only 5-6 spits, each of which covers a considerable 
time span. The sequence in P46, constructed from ANU 2330, ANU 2507, 
ANU 2506 and ANU 2331, allowed the construction of a depth/age curve 
(Figure 8:8). Extrapolating from this curve, the age ranges listed in 
Table 8:2 were assigned to the spits. These age ranges are as precise 
as the data permit. It should be noted, however, that the dates from 
P46/5 and P46/8 are so close that the age/depth curve at this point 
is nearly vertical, and the time span of spits P46/5-8 is 
comparatively short. Spits 6 and 7 were virtually contemporaneous and 
so were combined for all analyses. The same problem is found to a 
lesser extent in spits P46/6-7 and P46/8, that is, the calculated age 
range of the spits is not large compared with the standard deviation 
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associated with the radiocarbon determinations. Although it is 
possible to eliminate these doubts simply by combining spits, the 
chronological changes in artefacts remain the same even if spits are 
combined and so the following analyses are presented using the ages 
of spits assigned in Table 8:2. 
Although errors are likely to occur in this sort of calculation 
it is apparent that sedimentation during the period 17,500 to 13,500 
years BP was much more rapid than at later periods. The P46 depth/age 
curve will be used later in the chapter to estimate artefact discard 
rates. More recently, a sample from spit 3 in P46 was submitted for 
dating. The result, 7480+^100 years BP (ANU 3511), was not only 
intermediate between the dates from spits 2 and 5, but also within 
the age range estimated for that spit using the age depth curve. 
Samples of mussel shell from two other squares at the front of 
the cave were submitted for dating. Square S37 had the greatest depth 
of Unit A sediment in any square excavated on the northern side of 
the cave. Three spits from this square were dated and all of them 
gave age estimates of 3,000-3,500 years BP. The deposit in this 
square contained large amounts of charcoal and relatively unweathered 
shell and chert artefacts. Backed blades occurred in all three of the 
dated spits. Thus, it seems likely that virtually all of the sediment 
in this square accumulated since the mid-Holocene and that earlier 
material was removed by scouring. 
In square K39, Unit A was 25 cm deep. Spit 3 (0.5-2.3 cm) was 
dated to 4690+_100 years BP (ANU 3829), and spit 14 (19.9-24.8cm) was 
dated to 8240_+50 years BP (ANU 3830). These dates imply that in this 
square. Unit A is also Holocene in age, and that any of the terminal 
Pleistocene material which is found at the rear of the cave was 
removed. The dates also reflect the same pattern of sediment 
accumulation as P46, in which there is much less depth of sediment 
accumulated in the last 5,000 years than in the previous 5,000-10,000 
years. 
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GEOMORPHIC HISTORY OF THE DEPOSIT 
It is clear that there have been a number of periods of erosion 
and accumulation in the history of the deposit. Five stages can be 
defined. 
I Prior to 18.000 years BP. 
Accumulation and weathering of Unit B sediments. 
II Prior to 18.000 years BP. 
Erosion of the upper portion of Unit B, leading to the removal 
of finer sediments from the cave and the formation of lags of 
gravel and artefacts in erosion channels. 
III 18.000-8,000 years BP. 
Accumulation of Unit A sediments during the terminal 
Pleistocene. 
IV 8,000-4,000 years BP. 
Period of e ros ion of e a r l i e r Unit A sediments , the p r e c i s e 
timing of which was different in each part of the she l t e r . Very 
l i t t l e e ros ion occurred a t the r e a r of the cave (P46), but 
towards the front of the cave almost a l l mater ia l was removed. 
In squares T39 and U39 t e r m i n a l P l e i s t o c e n e sediments and 
a r c h a e o l o g i c a l r e s i d u e s s u r v i v e d , l a r g e l y i n ho l lows in the 
surface of Unit B. 
V 4,000-0 years BP. 
Accumulation of mid- la te Holocene sediments. At the rear of the 
cave Holocene sediments accumulated on top of P l e i s t o c e n e 
sediments wi thout any p e r c e i v a b l e h i a t u s . Holocene sediments 
were very t h i n a t the r e a r of the cave . Thicker Holocene 
sediments accumulated at the front of the cave, on the southern 
s ide from 8,000 years BP, and on the n o r t h e r n s ide from about 
4,000 years BP. Throughout the en t i re cave sedimentation ra tes 
d e c l i n e d dur ing the l a s t 3,000 y e a r s . These sediments can be 
distinguished from those of Phase I I I by the presence of backed 
blades, large amounts of charcoal , and the fresher appearance of 
she l l . 
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8.3 CHANGES IN THE AMOUNT AND TYPES OF STONE ARTEFACTS IN P46 
The a r t e f a c t s f rom s q u a r e P46 w e r e u s e d t o d e f i n e t h e b a s i c 
p a t t e r n of c h r o n o l o g i c a l change i n t h e c a v e b e c a u s e i t h a s t h e most 
c o m p l e t e c h r o n o l o g i c a l s e q u e n c e . 
ARTEFACT IDENTIFICATION 
F r a g m e n t s of s t o n e w e r e i d e n t i f i e d a s a r t e f a c t s o n l y when t h e 
i d e n t i f i c a t i o n was p o s i t i v e . O b j e c t s were o n l y c a l l e d a r t e f a c t s i f 
t h e y p o s s e s s e d one o r more of t h e f o l l o w i n g c h a r a c t e r i s t i c s : 
1. P o s i t i v e or n e g a t i v e r i n g crack; 
2. D i s t i n c t p o s i t i v e or n e g a t i v e b u l b of f o r ce ; 
3. De f in i t e e r a i l l u r e scar i n p o s i t i o n benea th a p l a t fo rm; 
4. D e f i n i t e r emnan t s of f l a k e s c a r s ( i e . , d o r s a l s c a r s and 
r i d g e s ) . 
These t r a i t s were chosen because they i n d i c a t e t he a p p l i c a t i o n of an 
e x t e r n a l f o r c e t o a c o r e , and a r e c h a r a c t e r i s t i c of t h e s p a l l s 
removed by humans us ing d i r e c t pe rcuss ion . 
Four c l a s s e s of a r t e f a c t were i d e n t i f i e d . The f o u r c a t e g o r i e s 
were defined as f o l l o w s : 
1. F l a k e i s the p iece of rock s t r u c k off a core . I t e x h i b i t s a 
s e t of c h a r a c t e r i s t i c s wh ich i n d i c a t e s t h a t i t ha s been 
s t ruck . The most d e f i n i t i v e of t h e s e a r e r i n g c r a c k s which show 
where a hammer h i t t h e c o r e . The v e n t r a l s u r f a c e may a l s o be 
deformed i n p a r t i c u l a r ways , f o r example by a b u l b or 
e r a i l l u r e scar . 
2. Core i s a p i e c e of s t o n e w i t h one o r more n e g a t i v e f l a k e 
sca rs but no p o s i t i v e f l a k e s c a r s . 
3. Retouched F l a k e i s a f l a k e wh ich h a s had f l a k e s removed 
from i t , i d e n t i f i e d by f l a k e s c a r s o n t o t h e v e n t r a l f a c e 
and/or d e r i v i n g from the v e n t r a l su r f ace . 
4. F l a k e d P i e c e i s a c h i p p e d a r t e f a c t wh ich c a n n o t be 
c l a s s i f i e d as a f l a k e , co re , or re touched f l a k e . The reason i t 
cannot be p l aced i n one of t h e s e c l a s s e s i s t h a t the de f in ing 
a t t r i b u t e s a r e m i s s i n g . T h i s o f t e n h a p p e n s when a p i e c e of 
s tone which has n e g a t i v e f l a k e s c a r s a l s o con ta ins a number of 
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incipient fracture planes. Artefacts which are heavily 
weathered or which have been shattered in a fire are difficult 
to categorise and are often only identifiable to this level. 
Rather than guessing whether an artefact is a core or a flake 
artefacts were placed in this 'uncertain' category. Note, 
however, that this class was used only when an artefact was 
definitely chipped but could not be placed in another group. 
VERTICAL CHANGE IN ARTEFACT DENSITIES 
Square P46 yielded 3,020 artefacts, 2,341 of which came from 
Unit A. The remaining 679 artefacts were recovered from Unit B 
(including the gravel lag). 
Vertical change in artefact densities are listed in Table 8:3. 
Densities are expressed in two ways. First, the number of artefacts 
per kilogram of sediment was calculated using the weight of all 
sediment under 5 cm (very little of the deposit is coarser than 5 
cm). Second, the number of artefacts per cubic metre of deposit was 
calculated. Temporal changes in artefact densities are similar for 
both types of density calculation. 
Artefact densities are high in the top few spits of the deposit 
and decline rapidly with depth until P46/10 and P46/11, where the 
densities becomes much higher again. This last increase is probably 
related to the concentrating effect of erosional processes which 
created a lag deposit at this point. Below this, in Unit B, densities 
decline steadily until they are consistently at or below 2 
artefacts/kg of sediment, or 3000 artefacts/m . When densities are 
expressed as number/kg the highest density is at the top of the 
deposit, whereas when density is expressed as number/m it is highest 
at P46/10. Since artefact densities have little meaning on their own 
it is necessary to take into account the length of time over which 
the artefacts accumulated. A very different picture appears when this 
calculation is made. 
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TEMPORAL CHANGE IN THE DISCARD RATE OF ARTEFACTS 
As e x p l a i n e d p r e v i o u s l y , i n s q u a r e P46 i t i s o n l y t h e s p i t s i n 
U n i t A t h a t c a n be a d e q u a t e l y d a t e d by r e f e r e n c e t o a n a g e / d e p t h 
c u r v e . Thus i t i s o n l y t h e p e r i o d b e t w e e n 1 7 , 6 0 0 y e a r s BP and t h e 
p r e s e n t f o r which a r t e f a c t d i s c a r d r a t e s can be c a l c u l a t e d . 
U s i n g t h e a g e s p r e v i o u s l y i n f e r r e d f o r e a c h s p i t i n P46 t h e 
c h r o n o l o g i c a l c h a n g e s i n a r t e f a c t d i s c a r d r a t e s w e r e c a l c u l a t e d 
( T a b l e 8 : 4 ) . F i g u r e 8:9 shows t h a t t h e d i s c a r d r a t e i s h i g h l y 
v a r i a b l e . One c l e a r p a t t e r n i s t h a t t h e d i s c a r d r a t e was r e l a t i v e l y 
l o w o v e r t h e l a s t 1 3 , 5 0 0 y e a r s BP and much h i g h e r i n t h e p r e c e d i n g 
4000 y e a r s . T h i s p a t t e r n i s t h e same e v e n i f s p i t s a r e g r o u p e d 
t o g e t h e r ( s e e T a b l e 8:4) . 
TEMPORAL CHANGE IN ARTEFACT SIZES 
Weight was chosen as a gene ra l measure of a r t e f a c t s i z e . Because 
v i r t u a l l y a l l a r t e f a c t s were made of c h e r t which i s o b t a i n e d from 
c l o s e l y r e l a t e d s o u r c e s , w e i g h t i s a r e a s o n a b l e i n d i c a t i o n of 
a r t e f a c t mass throughout the sequence a t C o l l e s s Creek Cave. 
The number, t o t a l weight and average weight of a r t e f a c t s i n each 
s p i t of P46 i s g i v e n i n T a b l e 8 :5 . A number of o b s e r v a t i o n s can be 
made from t h e s e s i m p l e s t a t i s t i c s . F i g u r e 8:10 i l l u s t r a t e s t h e 
c h r o n o l o g i c a l changes i n average a r t e f a c t weight for square P46. The 
t r e n d i s r e m a r k a b l y s i m i l a r t o t h a t e x h i b i t e d f o r d i s c a r d r a t e s . 
Sp i t s 6-9 a re c l e a r l y d i f f e r e n t from s p i t s 1-5. 
On t h e b a s i s of t h e e v i d e n c e from s q u a r e P46, t h e a r t e f a c t u a l 
s equence a t C o l l e s s Creek Cave can be d i v i d e d i n t o t h r e e p h a s e s , 
which a re summarized i n Table 8:6. The c o r r e l a t i o n of t h e s e phases i n 
a r t e f a c t s i z e wi th s t r a t i g r a p h i c and e x c a v a t i o n subun i t s i s g iven i n 
Table 8:7. The t h r e e phases a r e as f o l l o w s : 
Phase I : Before 16,400 years BP ( s p i t s 10-23) 
The e a r l i e s t p h a s e of o c c u p a t i o n , p r i n c i p a l l y r e p r e s e n t e d i n 
Un i t B, i s c h a r a c t e r i z e d by s m a l l a r t e f a c t s . The a v e r a g e w e i g h t of 
a r t e f a c t s from a l l s p i t s o l d e r than 16,400 yea r s BP i s 1.6 g, but i n 
most s p i t s t h e a v e r a g e w e i g h t i s l e s s t h a n 1 g. The s h a r p change i n 
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average weights between spits 14 and 15 coincides with the cracked 
surface illustrated in Figure 8:5, suggesting that some large 
artefacts in spits 13 and 14 had moved down into spits 15 and 16. 
Nevertheless, artefacts in Phase I are consistently small. 
Pleistocene assemblages in Australia, often termed the 'Core 
Tool and Scraper Tradition', are generally characterized as being 
dominated by large core and flake tools (eg. Mulvaney 1975:172; White 
and O'Connell 1982:65-67). There are three possible reasons why other 
researchers have not discussed diminutive assemblages occurring prior 
to 16-17,000 years BP, such as that in Phase I at Colless Creek Cave: 
1. Colless Creek Cave Unit B is older than most other 
assemblages discussed. This suggestion is supported by the 
geomorphic reconstruction (Magee and Hughes 1982). It is also 
relevant that recently discovered sites of great antiquity have 
contained small artefacts (eg. Pearce and Barbetti 1981:174-
175, 178). 
2. Alternatively, the stone-using behaviour which occurred at 
Colless Creek before 16,400 years BP was different from the 
behaviour in other sites of the same age. 
3. The description of other Pleistocene assemblages is 
inadequate for the purposes of this comparison. To some extent 
this is true since only one report makes any effort to describe 
flake size and morphology in detail (cf. Wright 1971c). 
Phase II : 16,400 - 13,500 years BP (spits 6-9) 
For this period the average artefact weight is markedly higher 
than in Phase I. Mean artefact weights are greater than 4 g in all 
spits, and for most of the phase mean artefact weight exceeded 6.6 g. 
Phase III : 13,500 years BP - Present (spits 1-5) 
Throughout this period the range in average weight of artefacts 
is small, from 1.0 g to 1.9 g, and the overall mean is only 1.4 gm. 
In the south of the Australian continent all major changes in stone 
artefact sizes are said to take place within this period (eg. 
Mulvaney 1975; White and O'Connell 1982:120). At Colless Creek Cave, 
however, average artefact sizes appear to be comparatively constant 
throughout the Holocene and terminal Pleistocene. 
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TEMPORAL CHANGE IN ARTEFACT TYPES 
Changes i n the r e l a t i v e abundance of the four a r t e f a c t c l a s s e s 
a re not r e s p o n s i b l e for the da ta i l l u s t r a t e d i n F igure 8:10. The same 
t rend ( s m a l l , l a r g e , sma l l ) i s found i f the ave rage weight of f l a k e s 
or f l aked p ieces i s c a l c u l a t e d (Tables 8:8-8:9). Although the average 
weight of cores and retouched f l a k e s v a r i e s w ide ly between s p i t s , no 
c o n s i s t e n t temporal t r end i s e v i d e n t (Tables 8:10-8:11) . F igure 8:11 
g i v e s t h e r e l a t i v e s i z e of r e t o u c h e d f l a k e s i n c o m p a r i s o n w i t h 
unretouched f l a k e s for each s p i t . Between 13,500 and 16,400 years BP, 
retouched f l a k e s were on ly twice the average weight of f l a k e s whereas 
a t o the r times retouched f l a k e s were much l a r g e r i n comparison to the 
sample of f l a k e s from which they were s e l e c t e d . This p a t t e r n r e s u l t s 
from t h e g r e a t l y v a r y i n g s i z e of u n r e t o u c h e d f l a k e s and t h e 
r e l a t i v e l y cons tan t s i z e of re touched f l a k e s . 
Table 8:12 l i s t s for each s p i t i n P46 the r e l a t i v e frequency of 
t h e f o u r a r t e f a c t c l a s s e s d e f i n e d e a r l i e r . As i n most A u s t r a l i a n 
assemblages, each s p i t i s dominated by unretouched f l a k e s . In Unit A 
( s p i t s 1-10) c o r e s and r e t o u c h e d f l a k e s a r e p r e s e n t i n v e r y low 
p e r c e n t a g e s . Cores a r e a b s e n t i n U n i t B and r e t o u c h e d f l a k e s a r e 
v i r t u a l l y absent . Flaked p ieces a r e more common i n the lower p a r t s of 
t h e d e p o s i t , p e r h a p s as a r e s u l t of changes i n raw m a t e r i a l 
s e l e c t i o n , d i f f e r e n t knapping t e c h n i q u e s , or i n c r e a s i n g degrada t ion 
of t h e m a t e r i a l w i t h d e p t h . A n o t h e r n o t i c e a b l e t r e n d i s t h a t c o r e s 
and retouched f l a k e s a r e more common i n s p i t s 6-10 than i n any o ther 
p a r t of the sequence. 
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8.4 SEVEN POSSIBLE EXPLANATIONS 
Two major chronological changes have been identified at the rear 
of the cave: a variation in the rate of artefact accumulation and a 
change in the size of artefacts. Smith (1982:114) pointed out that a 
change in the rate of artefact accumulation can result from an 
alteration to the number or discard location of artefacts produced by 
each occupant at a site, or, when the amounts of artefacts discarded 
by each person remains constant, from an increase in cave use. Smith 
termed the former pattern 'complex functional change* and the latter 
pattern 'simple functional change'. These two mechanisms are not 
necessarily mutually exclusive, and there will be instances in which 
the intensification of cave use will itself cause a complex 
functional change. For example, if intensification involved an 
increase in the duration of each visit to the site, successive 
occupations might deplete the local raw material sources or result in 
a greater range of activities being carried out in the site. 
Changes in artefact sizes might result from a number of changes 
in prehistoric behaviour. In Chapters 6 and 7 it was shown that the 
size, shape and nature of stone materials will greatly affect 
the technology used to work them and thus affect the size of the 
artefacts. It was also demonstrated in Chapter 5 that stoneworking 
technology and the resulting artefacts are directly related to the 
distance from raw material sources. Thus a change in raw material 
source or in the scheduling of knappers' movements to and from a 
quarry might result in artefacts of different sizes being found in 
the cave. Errors in the analysis of artefacts or taphonomic processes 
could equally account for the chronological changes found in P46, and 
it is necessary to consider the contribution of these factors to the 
formation of the assemblages. 
Thus there is a variety of prehistoric and modern circumstances 
which might explain the trends identified in square P46. An 
investigation of long term prehistoric changes at Lawn Hill requires 
a systematic test of possible hypotheses. It is necessary to 
eliminate more likely explanations before resorting to less likely 
and more complicated ones. The difficult question has been "on what 
basis can we determine the likelihood of one explanation versus 
another?" Transformation models provide a hierarchy of the kind 
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s u i t a b l e for e s t a b l i s h i n g e x p l a n a t o r y p r i o r i t y . Such models a r e s e t s 
of c a l c u l a t i o n s which " t r a n s f o r m " a r c h a e o l o g i c a l m a t e r i a l i n t o 
informat ion about pas t even t s (Sch i f fe r 1976:43). They a r e necessa ry 
b e c a u s e a r t e f a c t s may be a f f e c t e d by a s e r i e s of c u l t u r a l and non-
c u l t u r a l p rocesses between the time they a r e made and t h e time they 
a re ana lysed by a r c h a e o l o g i s t s . For example, a f l a k e might be s t r uck 
a t a quar ry , c a r r i e d away and used, resharpened , and d i sca rded . Even 
a f t e r an a r t e f a c t has been inco rpora t ed i n t o a d e p o s i t i t i s sub jec t 
to d i s t u r b a n c e , i n c l u d i n g d i s t u r b a n c e dur ing e x c a v a t i o n , s t o r a g e and 
a n a l y s i s . To i n f e r what p r e h i s t o r i c peop le were doing i t i s necessa ry 
t o work backwards through t h i s cha in of even t s which connect e x i s t i n g 
r e s idues to p r e h i s t o r i c a c t i v i t i e s (cf. Binford and Bertram 1977:77-
79; Danie l s 1972; Gifford 1981:386-389; Sch i f f e r 1972, 1976; S u l l i v a n 
1978:204-210) . 
I n p r a c t i c e , t h i s framework means t h a t a r c h a e o l o g i s t s working 
backwards a long the chain of even t s which has c r e a t e d a d e p o s i t must 
u n d e r s t a n d each e v e n t b e f o r e i n f e r e n c e s can be drawn a b o u t t h e 
p r e c e d i n g one . For e x a m p l e , r e s e a r c h which aims a t d e s c r i b i n g 
p r e h i s t o r i c s t o n e u s i n g b e h a v i o u r a t a s i t e must c o n s i d e r p o s t -
d e p o s i t i o n a l mod i f i ca t ions t o the d e p o s i t i n o rde r t o r e c o n s t r u c t the 
a s s e m b l a g e a s i t was when t h e s i t e was i n u s e . I t wou ld t h e n be 
necessary to i n f e r the d i s c a r d p a t t e r n so t h a t t h e number and range 
of s tone a r t e f a c t s handled p r e h i s t o r i c a l l y could be c a l c u l a t e d . Only 
t h e n c o u l d t h e human b e h a v i o u r t h a t p r o d u c e d t h e a r t e f a c t s be 
deduced. 
I n t h e f o l l o w i n g p a g e s , s e v e n p o s s i b l e e x p l a n a t i o n s of t h e 
c h r o n o l o g i c a l changes i n square P46 a r e def ined and d i scussed . I t i s 
important t o no te t h a t the e x p l a n a t i o n s a r e cons idered i n t he r e v e r s e 
o r d e r t o t h a t i n which t h e y migh t h a v e a f f e c t e d t h e d a t a . For 
e x a m p l e , any changes due t o p o s t - d e p o s i t i o n a l m o d i f i c a t i o n of 
a r c h a e o l o g i c a l m a t e r i a l occurred a f t e r t he p r e h i s t o r i c behaviour t h a t 
c r e a t e d t h a t d e b r i s . The re i s l i t t l e s e n s e i n i n v e s t i g a t i n g 
p o p u l a t i o n change as an e x p l a n a t i o n u n t i l p o s s i b i l i t i e s such as 
measurement e r r o r , p o s t - d e p o s i t i o n a l e f f e c t s or t e c h n o l o g i c a l change 
h a v e been e l i m i n a t e d . Thus , u n t i l i t i s d e f i n i t e l y r e j e c t e d , an 
h y p o t h e s i s h i g h e r on t h e l i s t of s e v e n must be c o n s i d e r e d a more 
l i k e l y e x p l a n a t i o n than hypotheses lower on the l i s t . Each of these 
p o t e n t i a l e x p l a n a t i o n s i s now d i s cus sed i n t u r n . 
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Hypothesis 1 : Methodological error 
Errors may occur during artefact recovery (eg. choice of trench 
location, excavation methods, s ieve s izes , sor t ing procedures), or 
during i d e n t i f i c a t i o n and a n a l y s i s (eg. m i s i d e n t i f i c a t i o n , 
measurement error, or incorrect contextual information). There are 
three possible sources of error which might explain the v e r t i c a l 
trends identified in P46. 
F i r s t , the changes might be due to a systematic recovery error 
such as a failure to recover large artefacts in the upper five spits 
and in the lower s t r a t ig raph ic uni t . If t h i s error did occur, the 
size range of artefacts in spits 1-5 should be markedly lower than in 
spits 6-10 and the chronological changes in the artefact accumulation 
rates in P46 should not be duplicated in microscopic flakes from that 
square. More importantly, if this error explains the ver t ical changes 
in P46, then the excavation methods used in sp i t s 6-10 should be 
different from those used in other levels of the deposit. 
Second, the radiocarbon dates from which the age of each sp i t 
was calculated might be seriously in error. Although this source of 
error is unlikely given the consistent and detailed dating evidence, 
i t could be checked by obtaining more dates and by ref ining the 
methods used in their interpretation. 
The th i rd source of error i s that there might be a systematic 
error in artefact identification such that identification of larger 
artefacts in the upper five spits is less efficient. This possibi l i ty 
can be tested by re-sorting samples of the material and assessing the 
error identified. 
Hypothesis 2 : Post-depositional modification 
A myriad of taphonomic mechanisms might create the pa t te rn 
identified in P46. Only three types of disturbance seem l ikely enough 
to warrant testing. The f i r s t is systematic dating error arising from 
post-deposit ional a l t e r a t i o n of the C14 a c t i v i t y of s h e l l samples 
leading to f a l s e associa t ions of dates and objects . This mechanism 
would account only for the changes in the calculated discard rate, 
not in the sizes of a r t e f a c t s . Further dates and a t e s t of the C14 
a c t i v i t y of s h e l l s would t e s t t h i s proposi t ion. If the age/depth 
curve is substantiated this mechanism can be rejected. 
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The second mechanism is that increased breakage in upper levels 
led to smaller artefacts. This possibility can be examined by looking 
at the changes in breakage through the deposit and by measuring only 
complete flakes. 
The third mechanism is a concentration of relatively large 
artefacts in the lower part of Unit A by the downward movement of 
material from spits 1-5 to spits 6-10, without a concomitant 
concentration of their associated C14 samples. Although this sort of 
modification is unlikely it can be tested by analysing the amount of 
vertical movement of artefacts and an examination of chronological 
changes elsewhere in the cave. If the vertical movement of artefacts 
in the deposit is limited and the same trends are found in other 
parts of the cave this mechanism can be rejected. Further work on the 
gravel component of the sediment in the deposit might also provide 
data with which to test these propositions. 
Hypothesis 3 : Spatial change in the location of discard areas within 
the cave 
It is possible that the changes in discard rate and artefact 
size in P46 reflect changes in discard areas. For example, during the 
period 13,500-16,400 years BP, large artefacts might have been 
discarded mainly in the rear of the shelter, whereas in earlier and 
in more recent times large artefacts may have been discarded 
elsewhere in the cave. If this were the case the number and variety 
of activities undertaken in the cave might have remained constant 
throughout its occupation history. This hypothesis can be tested by 
excavations in other parts of the site. If the hypothesis is correct, 
such excavations should reveal reversed sequences in which artefact 
discard rates and average artefact sizes are higher in the last 
13,500 years. If the hypothesis is incorrect, the sequence found in 
P46 will be duplicated. 
Hypothesis 4 ; Changes in the system of artefact manufacture and use 
Changes in artefact numbers and sizes might be a superficial 
reflection of changes in stone working technology and/or stone 
artefact use. There are many mechanisms that can have this effect. 
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The number of artefacts each occupant discarded per unit time 
would increase if more flakes were struck from each core, or if more 
cores were worked. The former pattern might result from an increased 
technical ability to reduce cores with low inertia or from the use of 
larger or differently shaped nodules of chert. Both patterns might 
result if the uselife of tools was shortened or if a change in 
stoneworking technology meant that the knapper needed to remove more 
flakes to get one suitable for retouching or use. 
Artefact numbers might also increase if stages of reduction, 
such as the initial decortication, which were undertaken within the 
cave during the period 17,600-13,500 years BP were at other times 
done elsewhere. Since the flakes from earlier stages of manufacture 
are generally relatively large, this would increase the average 
artefact size. Conversely, the larger artefacts in spits 6-10 could 
result from the absence of later stages of reduction which produced 
small artefacts and which at other times took place within the cave. 
Changes in artefact sizes might also result from alterations in 
the size, shape and fracture characteristics of the raw materials 
used, or from changes in the availability of stone materials (see 
Chapters 5-7). Artefact sizes might also become smaller if 
sedimentation rates declined and exposed artefacts on the surface of 
the cave floor for longer periods. Scavenging and reworking of 
previously discarded artefacts would then reduce the average size of 
artefacts in those levels. 
To test this hypothesis it is necessary to reconstruct the 
patterns of artefact manufacture, artefact use, and the 
interrelationship between them. The hypothesis would be refuted if 
the archaeological change in discard rates, artefact sizes and 
frequency of artefact types cannot be accounted for by changes in the 
behaviour associated with artefact manufacture and use. If the 
hypothesis adequately explains of the chronological changes in 
archaeological debris within the cave, then measurements of simple 
functional change (cf. Hiscock 1985b) should indicate little 
variation in the intensity of human activities other than that 
related to artefact manufacture and use. 
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Hypothesis 5 : Increase in cave use 
The increased discard rate between 13,500 and 17,600 years BP 
may indicate a greater preference for cave use at that period. This 
can be tested by finding and analysing open sites which were 
inhabited throughout the last 18,000 years. If this explanation is 
correct, discard rates at open sites should increase after 13,500 
years BP when the discard rate in the cave decreases. On the other 
hand, different cave sites occupied elsewhere throughout the last 
18,000 years should show chronological trends very similar to those 
at Colless Creek Cave. 
The proposition that artefact discard rates reflect changes in 
the extent of cave use can be examined in another way. If the amount 
of occupation increases but the nature of the occupation remains the 
same, there should be synchronous changes in all aspects of cave use, 
not only artefact-related behaviour. Bone and shell are found 
throughout Unit A. If this hypothesis is correct the rates of bone 
and shell accumulation should parallel artefact discard rates. 
Furthermore, measures of the intensity of activities other than food 
disposal or artefact manufacture should reveal the same trends as 
artefact discard rates. 
Hypothesis 6 : Environmental Stress 
If the increased discard rate between 13,500 and 17,600 years BP 
at Colless Creek Cave reflects generally greater use of the site, 
it might result not simply from a preference for cave dwelling but 
from a greater use of the gorges in which the site is found. Such a 
focus upon the gorges might result from difficulties the prehistoric 
human population had in exploiting resources elsewhere in its 
territory. From 14,000 to 18,000 years BP the area was probably 
considerably more arid than it is now (see Chapter 3). It is likely 
that this aridity increased logistical problems associated with 
exploiting resources on the plains and/or plateau. One consequence 
could have been that Colless Creek gorge, and therefore the cave, was 
more intensively occupied during this period of environmental stress. 
Such intensification may have encouraged permanent habitation of the 
gorge, or more frequent and/or longer visits to the gorge. 
Concentrating on the gorge may have allowed economically risky areas 
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to be avoided and/or permi t ted the e x p l o i t a t i o n of the g r e a t e r range 
and d e n s i t y of resources a v a i l a b l e i n and near the gorges. 
I f t h i s h y p o t h e s i s i s c o r r e c t t h e c h r o n o l o g i c a l changes i n 
a r t e f a c t d i s ca rd r a t e w i th in C o l l e s s Creek Cave should be accompanied 
by p a r a l l e l changes i n bone and s h e l l accumulat ion r a t e s and o the r 
a c t i v i t i e s . I n c o n t r a s t t o h y p o t h e s e s 5 and 7, however , t h i s 
e x p l a n a t i o n i m p l i e s t h a t e x p l o i t a t i o n of t h e go rge would h a v e 
increased , w h i l e e x p l o i t a t i o n of the p l a i n s and p l a t e a u would have 
d e c r e a s e d . C o n s e q u e n t l y , i f t h i s h y p o t h e s i s i s an a d e q u a t e 
exp lana t ion , t h e r e should be a c h r o n o l o g i c a l change i n the na tu r e of 
debr i s found i n the s i t e , wi th l o c a l r esources r e p l a c i n g n o n - l o c a l 
ones dur ing the per iod 13,500-17,600 years BP. 
This hypothes i s can a l s o be t e s t e d by f ind ing and a n a l y s i n g a 
number of s i t e s i n the reg ion which were occupied over the same time 
span as C o l l e s s Creek Cave. I f i t i s c o r r e c t , t h e d i s c a r d r a t e s of 
a r t e f a c t s and faunal d e b r i s a t a l l s i t e s i n or near the gorge should 
have increased between 13,500 and 17,600 years BP, w h i l e the d i s ca rd 
r a t e a t s i t e s away from the gorge should have decreased. 
Hypothesis 7 : Population increase i n the region 
The grandes t hypothes i s t h a t might be offered i s t h a t the number 
of people i n the reg ion inc reased between 13,500 and 17,600 years BP, 
and decreased i n more r ecen t p e r i o d s . This hypothes i s can be t e s t e d 
by f i n d i n g and a n a l y s i n g a number of s i t e s i n t h e r e g i o n which were 
occup ied o v e r t h e same t i m e span as C o l l e s s Creek Cave . I f i t i s 
c o r r e c t , d i s c a r d r a t e s a t s i t e s a l l o v e r t h e r e g i o n s h o u l d h a v e 
increased between 13,500 and 17,600 years BP. Moreover, a t each s i t e 
t he re should have been p a r a l l e l changes i n s e v e r a l types of d e b r i s 
such as fauna l remains, a r t e f a c t s , or manuports; and p a r a l l e l changes 
i n v a r i o u s i n d i c e s which i n d i c a t e t h e amount of a c t i v i t y . However, 
even i f the ntimber of s i t e s and the amounts of d i f f e r e n t m a t e r i a l s i n 
each s i t e i n c r e a s e d s y n c h r o n o u s l y i n t h e p e r i o d be tween 13,500 and 
17,600 y e a r s BP i t would be v e r y d i f f i c u l t t o t e s t w h e t h e r such 
inc reases were a r e s u l t of i nc reased numbers of peop l e , or s imply of 
a genera l i n t e n s i f i c a t i o n of the amount of a c t i v i t i e s i n the reg ion . 
183 
Chapter 8 
Sumnary 
These seven hypotheses can be summarized and assessed by 
dividing them into four groups on the basis of the issues with which 
they deal. The first issue, dealt with by Hypothesis 1, involves 
error on the part of the archaeologist. The second issue. Hypothesis 
2, involves taphonomic mechanisms. The other five suggested 
explanations refer to prehistoric human behaviour. A third issue, 
framed in Hypotheses 3 and 4, involves 'complex functional changes': 
alterations to the rate, location and type of artefacts discarded by 
each occupant. In contrast, the fourth issue, covered by Hypotheses 
5, 6 and 7, involves 'simple functional changes': the intensification 
of cave use resulting from changes in the duration or frequency of 
visitation and/or the size of the population. 
As explanations of chronological change within the cave, 
hypotheses 5, 6, and 7 are limited in two ways. Firstly, they deal 
primarily with discard rates, not directly with changes in artefact 
sizes. Changes in population density or distribution may well 
precipitate changes in the nature or location of stoneworking 
activities, although establishing the causal connection may be 
difficult. Thus, while these hypotheses do not directly generate an 
expectation of changes in artefact sizes, such changes might be 
explicable as related phenomena. Secondly, since the hypotheses deal 
with discard rates they cannot be applied to the undated Unit B. 
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EXPLAINING CHRONOLOGICAL CHANGE 
AT COLLESS CREEK CAVE 
This chapter examines the capacity of the seven hypotheses 
discussed in Chapter 8 to explain chronological changes at Colless 
Creek Cave. Each hypothesis is investigated in turn with the aim of 
rejecting it if it does not adequately account for the available 
data. 
9.1 HYPOTHESIS 1: FIELD AND LABORATORY ERROR 
Error is the difference between a measured value and a "true" 
value, resulting from personal mistakes, poor method, or random 
effects. The possibility of methodological error was investigated for 
the processes of artefact recovery, artefact identification, and 
dating. 
ARTEFACT RECOVERY 
The excavations of Colless Creek Cave were carried out carefully 
and slowly by experienced archaeologists using methods based on those 
of Johnson (1980). To explain the chronological changes in P46 as an 
error in recovery it is necessary to argue that in the upper spits 
there was a failure to recover large artefacts like those which were 
successfully recovered in the lower spits of Unit A. Such an error 
could not have occurred. All excavated material was sieved through 6 
mm and 2 imn mesh and all the material retained in the sieves was 
transported to the laboratory for sorting, a procedure which 
guaranteed the recovery of all artefacts larger than 2 mm in size. 
Furthermore, artefacts up to 5.3 cm long were recovered in the upper 
spits of Unit A. Thus all large artefacts would have been retrieved, 
and as the same procedures were used for all spits there is no 
difference in the effectiveness of artefact recovery. If the 
differences between the upper and lower spits of Unit A result from 
error on the part of the archaeologists, it is more likely to be a 
result of errors made in the laboratory during artefact 
identification, but there is no evidence that this occurred. 
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ARTEFACT IDENTIFICATION 
The possibility of less effective artefact identification in the 
upper five spits of P46 was tested by resorting samples. All material 
from squares P46, Q46, T39 and U39 which was retained in the sieves 
were brought to the laboratory, put in 1 mm sieve baskets, and washed 
in cold water for several minutes. Some of the stones larger than 9 
mm were brushed with a toothbrush to remove additional dirt. After 
drying at room temperature for 24 hours, the residue from each spit 
was sorted into five primary groups: artefacts, bone, freshwater 
mussel shell, fragments of chert and other gravel. This process of 
sorting took 302 hours (282 hours by Peter Hiscock and 20 hours by 
Ken Aplin). To check the accuracy of the sorting, eight randomly 
selected spits were resorted every six months over a two year period, 
and the percentage of artefacts which had been left in the gravel 
after the first sort was calculated. Each resorting occupied 30 hours 
of lab time and the results are presented in Table 9:1. 
The amounts missed were reasonably consistent. By number, the 
average percentage of artefacts missed was 3Z with a range of 0-6Z. 
By weight, the average percentage of artefacts missed was 1.3Z with a 
range of 0-3Z. The size of the samples ranged from tens to several 
hundreds, and those missed in the first sort from several to twenty 
in number. The samples came from both upper and lower stratigraphic 
units. 
Artefacts which were missed were always similar to the gravel, 
either because of their colour and texture or because dirt adhering 
to the artefacts had not been fully removed. All the artefacts not 
identified in the first sort were less than 7 mm in their maximum 
dimension-
In general, the first sort recovered approximately 96-97Z of 
artefacts. Although this recovery rate is not perfect it is high and 
known. More importantly, there is no significant difference in the 
recovery rates for the different spits of square P46. Thus, 
systematic error in the sorting procedures and artefact 
identification cannot explain the chronological changes in artefact 
numbers which were discussed in the previous chapter. Since all the 
artefacts missed were less than 1.0 cm long, any difference in 
recovery rates cannot explain the smaller average artefact size in 
those spits. 
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DATING 
It was mentioned in the last chapter that the reliability of the 
radiocarbon age determinations was checked in two ways. Firstly, X-
ray diffraction techniques demonstrated that no post-depositional 
recrystalization of carbonate had occurred, and dating of living 
shellfish showed that the uptake of old carbon was unlikely to have 
increased any of the dates by more than 1000 years. Secondly, the 
consistency of the age/depth estimates were investigated. Samples 
from similar stratigraphic positions in different parts of the cave 
were dated to approximately the same age. In addition, an extra date 
(ANU 3511) obtained in square P46 was consistent with the original 
sequence of dates. I therefore conclude that the dating of the site 
and the deduced age/depth relationship is reliable. 
9.2 HYPOTHESIS 2: POST-DEPOSITIONAL CHANGE 
Three taphonomic mechanisms capable of producing the three 
phases of discard rate and artefact size were suggested in Chapter 8. 
The first, related to discard rates, was that post-depositional 
changes in the C14 activity of freshwater mussel shell had made the 
radiocarbon dates unreliable. This possibility has already been 
discounted as being unlikely, and in any case does not explain the 
chronological changes in artefact sizes. 
Breakage is the second mechanism which might result in vertical 
variations in artefact sizes and numbers. Artefact breakage will 
reduce the average size of artefacts in a collection, and the greater 
the proportion of broken artefacts, the smaller will be the 
calculated average size. Breakage will also increase the number of 
artefact fragments in a collection. As a result of this mechanism, 
assemblages with a large proportion of broken artefacts tend to have 
a greater number of smaller artefact fragments than assemblages with 
little breakage. Vertical changes in assemblages which result from 
differences in the frequency of breakage will show an inverse 
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r e l a t i o n s h i p between a r t e f a c t s i z e and a r t e f a c t numbers. 
Consequently, th i s mechanism alone cannot t o t a l l y explain the 
chronological changes in P46 because sp i t s 6-10, which contain the 
largest artefacts, also have the highest artefact accumulation rates. 
Nevertheless, a niunber of investigations was carried out to determine 
the extent to which breakage had altered the artefacts in P46. 
Flake breakage in P46 i s de t a i l ed in Table 9:2. Breakage i s 
lower in sp i t s 6-9 (Phase I I ) than in sp i t s 1-5 (Phase I I I ) , and 
therefore the chronological changes in calculated discard rates do 
not resul t from ver t ical changes in breakage rates. This conclusion 
is emphasized when the original composition of the assemblage, prior 
to any breakage, i s ca l cu la t ed . The o r ig ina l assemblage i s best 
estimated by counting a l l complete f lakes and broken f lakes which 
have platforms, on the assumption that broken flakes are unlikely to 
have been removed for use elsewhere (Table 9:2). The discard ra tes 
for Phase II and I I I calculated from these estimates show the pattern 
identified previously: a marked decline from spits 6-9 to spits 1-5. 
Vertical changes in the frequency of breakage do not explain the 
greater average a r t e fac t s ize in Phase I I because breakage i s 
approximately the same in both Phases I and I I . The smaller average 
size of artefacts in Phase I I I , however, might resul t from s l ight ly 
higher ra tes of breakage in the upper l e v e l s . To examine th i s 
p o s s i b i l i t y , de sc r ip t ive s t a t i s t i c s were ca l cu l a t ed for complete 
chert f lakes and broken chert f lakes in P46 (Tables 9:3 and 9:4). 
Whether broken or complete, the flakes in Phase I I are heavier than 
those in ear l ier or la ter l eve l s , and so variations in the frequency 
of breakage did not cause chronological changes in a r t e f ac t s ize . 
Variations in the frequency of breakage have, however, exaggerated 
the differences between Phases I I and I I I . The average weight of a l l 
f lakes in Phase I I I i s 0.9 g and the average weight in Phase I I i s 
4.4 g, or 4.9 times greater than Phase I I I . In con t ras t , the average 
weight of complete chert flakes in Phase I I I is 2.2 g and the average 
weight in Phase II is 5.9 g, only 2.7 times greater. Nevertheless, i t 
can be concluded that a r t e f ac t breakage has caused nei ther the 
changes in discard rates, nor the changes in artefact size. 
A third mechanism which might account for the ver t ica l changes 
in both artefact sizes and numbers in P46 is the downward movement of 
large a r t e fac t s from sp i t s 1-5 to sp i t s 6-10. On the basis of 
laboratory experiments Stern (1980:121-122) concluded that trampling 
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g e n e r a l l y moves s m a l l , t h i n ob j ec t s f u r t h e r through sandy d e p o s i t s 
t h a n l a r g e r , t h i c k e r o b j e c t s . Even though t h e s e d i m e n t s and 
s e d i m e n t a r y h i s t o r y of C o l l e s s Creek Cave a r e v e r y d i f f e r e n t from 
S t e r n ' s e x p e r i m e n t a l c o n d i t i o n s i t would be u n u s u a l i f o n l y t h e 
l a r g e , t h i c k a r t e f a c t s had moved through the d e p o s i t . Furthermore, a 
downward movement of l a r g e a r t e f a c t s would p r o b a b l y r e s u l t i n a 
p a t t e r n of g r a d u a l l y i n c r e a s i n g average a r t e f a c t s i z e wi th depth, not 
and 
t h e d r a m a t i c c o n t r a s t be tween u n i f o r m s i z e s i n s p i t s l -5yyar te fac t 
s i zes i n lower l e v e l s . In any even t , the degree of v e r t i c a l movement 
which has o c c u r r e d i n t h e d e p o s i t , and t h e e f f e c t s of o t h e r p o s t -
d e p o s i t i o n a l p r o c e s s e s , c a n be e s t i m a t e d f rom a number of 
p e r s p e c t i v e s . 
VERTICAL MOVEMENT OF GRAVEL 
I f l a r g e a r t e f a c t s moved downward through the d e p o s i t , then i t 
i s l i k e l y t h a t p ieces of n o n - a r t e f a c t u a l g r a v e l of s i m i l a r s i z e s and 
shapes a l s o moved downwards. Thus the l i k e l i h o o d of v e r t i c a l movement 
of a r t e f a c t s can be determined by examining s i ze -changes i n g r a v e l . 
F i g u r e 9:1 shows t h e v e r t i c a l changes i n t h e p r o p o r t i o n of f o u r 
g r a v e l s i z e c l a s s e s i n Unit A of square P46. The major change through 
the sequence i s the decreased q u a n t i t y of l a r g e g r a v e l d e r i v e d from 
r o o f - f a l l . V i r t u a l l y a l l a r t e f a c t s a r e i n s i z e c l a s s e s between 3 mm 
and 32 mm, and i n Figure 9:1 these c l a s s e s of g r a v e l a r e h i g h l i g h t e d 
by s t i p p l i n g . The p ropo r t i on of g r a v e l i n t he se c l a s s e s i s h i g h e s t i n 
s p i t s 1 and 2 and i n s p i t 10, b u t be tween t h e s e l e v e l s t h e r e i s 
l i t t l e v a r i a t i o n . I n p a r t i c u l a r t h e s p i t s i n p h a s e I I ( s p i t s 6-9) 
have no g r e a t e r p ropor t ions of g r a v e l i n the 3-32 mm s i z e range than 
do t h e s p i t s i n Phase I I I ( 1 -5 ) . S p i t s 6 and 7 h a v e o n l y s l i g h t l y 
h i g h e r p r o p o r t i o n s of g r a v e l i n t h e 3-32 mm r a n g e t h a n s p i t 5, a 
p a t t e r n which does not support the sugges t ion t h a t l a r g e r a r t e f a c t s 
were c o n c e n t r a t e d i n t h e lower l e v e l s ( F i g u r e 9 :1 ) . I n d e e d , t h e 
a v e r a g e p r o p o r t i o n of s e d i m e n t i n t h e 3-32 mm s i z e i s o n l y 5.7Z i n 
Phase I I , whe reas t h e a v e r a g e i s 7.0Z f o r Phase I I I . A s i m i l a r 
p a t t e r n i s found i n T a b l e 9 : 5 , wh ich l i s t s t h e a v e r a g e w e i g h t of 
g r a v e l fragments i n t he 3-8 mm s i z e c l a s s for each s p i t . Thus, t h e r e 
i s no e v i d e n c e f o r t h e downward movement of g r a v e l l e a d i n g t o a 
concen t r a t ion i n s p i t s 6-9. I t i s u n l i k e l y t h a t v e r t i c a l movement of 
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artefacts would have led to a concentration of artefacts at that 
level without also creating a concentration of similar sized gravel. 
VERTICAL MOVEMENT OF ARTEFACTS 
The restricted vertical distribution of certain types of 
artefacts in P46 indicates limited post-depositional movement. For 
example, two backed blades were found in spit 2, and three in spit 3, 
but none was found in other spits. The sharp change in average 
artefact sizes between spits 5 and 6 and between spits 9 and 10 may 
also evidence very limited vertical movements. 
Conjoin analyses are often used to gauge post-depositional 
vertical movements of artefacts (eg. Cahen 1978; Cahen and 
Moeyersons 1977; Cahen, Keeley and Van Noten 1979; Frison 1974; 
Leroi-Gourhan and Brezillon 1966, 1972; Stern 1980). Several conjoins 
were found in each spit in Unit A. The largest set reconstructed came 
from spit 9, where nine pieces were fitted together. The conjoined 
objects consisted of heat fractured fragments of stone as well as 
flakes and cores. All conjoins came from the same spit, again 
suggesting limited movement. The conjoins were discovered in the 
process of identifying, counting and measuring artefacts. No 
systematic conjoin analysis was undertaken because of the large 
number of artefacts in most spits. Instead, it was decided to take 
advantage of the extensive degeneration of stone in the site to 
assess vertical movement in the deposit by measuring artefact 
weathering. 
DECAY-RELATED CHANGES IN THE ARTEFACTS 
Some of the stone artefacts from P46 are very fresh in 
appearance while others are so weathered that they are barely 
recognisable. Initial inspection of the assemblage indicated that 
older artefacts were more weathered than younger ones, suggesting 
that the weathering occurred in situ. If this is the case, each 
successive spit should contain a greater proportion of weathered 
artefacts than the one above it. In order to measure the increasing 
proportion of weathered artefacts it was necessary to divide the 
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assemblage from each spit into a number of classes which describe the 
variations in the amount of weathering the artefacts had undergone. 
Although weathering is a continuous process four categories could be 
easily and consistently distinguished as follows: 
Fresh, in which the fracture surfaces of the chert are hard, 
lustrous, and the same as the interior of the artefact. 
Lightly patinated, where the surface of the artefact is 
mottled, with some areas having the appearance of fresh 
unpatinated chert and others appear to have a dull white film 
over the surface. 
Patinated, where the surface of the artefact is white and the 
texture of the surface is dull and rough. Broken specimens 
reveal that while the weathering is not confined to the surface 
it need not occur throughout the entire artefact. 
Heavily weathered, where the artefact is a bright white colour, 
porous, and has become crumbly and powdery. Broken artefacts 
show that this degree of weathering occurs uniformly throughout 
the entire artefact. 
Table 9:6 shows the percentage of chert artefacts in each 
weathering category for the spits in square P46. The proportion of 
artefacts in each weathering class varies vertically in a manner 
which supports the argument that weathering has occurred since the 
deposit formed. Lightly patinated artefacts do not become common 
until spit 5, patinated artefacts become dominant in spit 8, and 
heavily weathered artefacts are not common until spit 11. Within Unit 
B (spits 11-23) there is progressive decay of chert artefacts, and 
all are heavily weathered at the base of the excavation. 
One way of calculating the rate at which this weathering 
occurred is to assess the amount of time it took for the majority of 
artefacts in each spit to reach a particular stage of weathering, 
assuming that all the weathering took place while the artefacts were 
in the deposit. It took approximately 13,500 years for the majority 
of artefacts in a spit to become lightly patinated. The transition 
from lightly patinated to patinated occurred more rapidly, with the 
majority of artefacts in a spit becoming patinated after a further 
1000-2,000 years. Virtually all the highly weathered artefacts are in 
levels of the deposit which are older than 17,600 years BP, and as 
they occur only in Unit B (spits 11-23) and in the gravel lag 
immediately above Unit B (spit 10) it can be suggested that it took 
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more than 17,600 years for this level of weathering to develop. In 
assessing the contrast between the sediments of Unit A and Unit B 
Hughes remarked that in Unit B, 
The relatively high degree of pedogenic 
organisation indicates considerable weathering of 
the deposit over a long period of time under much 
wetter conditions than today. (Hughes 1983:61) 
Since the artefacts in Unit B are so much more weathered than those 
in the base of Unit A this conclusion is equally applicable to the 
artefacts. The transition from patinated to heavily weathered 
probably took much longer than the transition from lightly patinated 
to patinated. 
These vertical changes in the degree of artefact weathering 
provide a test of the integrity of the deposit. The sharpness of the 
changes indicates that there was only limited post-depositional 
vertical movement of artefacts. For example, fresh artefacts are 
completely absent from Unit B and lightly patinated artefacts are 
present only in the upper two spits of that Unit. This suggests that 
there is little, if any, downward movement of artefacts from Unit A 
to Unit B. The seven flakes with light patination which occur in Unit 
B may have fallen down cracks from spit 10, indicating that a very 
small proportion of artefacts may have moved downwards about 4 cm. On 
the other hand, it is equally likely that these artefacts have not 
been vertically displaced but are stones which have been relatively 
slow to weather. A similar situation occurs between spits 7 and 8. 
Only one fresh artefact was found below spit 7, again indicating 
that if vertical movement is occurring it involves only very small 
numbers of artefacts. Given the lack of any reservoir in spits 8 and 
9 from which the artefacts in spits 10 could have derived, however, 
it is again possible to explain these anomalously fresh artefacts as 
a result of the resistance to weathering of some pieces of chert. 
The rate at which artefacts weather depends largely on the 
nature of the stone from which they were made and the conditions of 
the deposit in which they rested. The cherts which were made into 
artefacts at Colless Creek Cave are variable in their chemical 
composition. Some nodules are composed almost entirely of chalcedony 
while up to 30Z of others consist of carbonate grains and small 
rhombs of carbonate as well as chalcedony (see Chapter 3). Surface 
samples of the carbonate-rich Q chert develop a white patina not 
found in other chert samples in the area and it is probable that such 
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material weathers more rapidly. If this is the case it is to be 
expected that there would be artefacts of a number of weathering 
classes present in each spit, because both carbonate-rich and 
carbonate-poor cherts are known to occur in all spits. Thus even 
artefacts made and deposited contemporaneously would not weather at 
the same rate. This fact lends weight to the argument that relatively 
unweathered artefacts might occur in spits where most artefacts are 
distinctly more weathered, and be approximately the same age as those 
weathered specimens. Thus, on the basis of the weathering patterns of 
artefacts which occur within Colless Creek Cave, it can be concluded 
that at the rear of the cave the downward movement of artefacts was 
rare. 
In the upper levels there is also a number of flakes which have 
patinated dorsal surfaces but fresh ventral surfaces. The re—use 
and/or re-flaking of old artefacts may account for the occurrence of 
weathered artefacts in upper spits. This may explain the presence of a 
heavily weathered artefact in spit 2 and of patinated artefacts in 
spits 1-3. Scavenging of artefacts might produce changes in discard 
rates and artefact sizes. If scavenging was most frequent in upper 
levels, however, there should be many more retouched flakes and cores 
with fresh scars superimposed upon weathered scars. Furthermore, the 
positive relationship between size and numbers is not a result of a 
scavenging process because the re-flaking of old artefacts would 
result in later levels of the deposit having more and smaller 
artefacts. At the rear of Colless Creek Cave, therefore, scavenging 
seems to have been minimal and cannot account for the chronological 
changes in the stone assemblage. 
The crumbling and rounding of edges and the discolouration and 
roughening of artefact surfaces which accompanied the weathering 
process could be expected to obscure and erase many of the attributes 
which are used to identify and classify artefacts. This possibility 
and its implications are examined for flaked pieces and non-
diagnostic fragments. 
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VERTICAL CHANGES IN FLAKED PIECES 
The observation made in Chapter 8, that flaked pieces are 
proportionately more common in lower spits, can be further examined 
by reviewing vertical change in the frequencies of artefact types. 
Figure 9:2 illustrates the changing proportion of artefacts in each 
spit which could be identified as flakes, cores or retouched flakes. 
The proportion of such 'categorized' artefacts changes subtly from 
between 90-lOOZ in the top of the deposit to between 80-90Z in the 
lowest spits in P46. In spits 1-5 only 6.3 Z of the artefacts could 
not be 'categorized' and were placed in the flaked piece category, 
whereas in spits 6-23 12.8Z of artefacts were flaked pieces. Thus 
the proportion of flaked pieces in the assemblage increases with 
depth, and is particularly high in levels older than 14,000 years BP, 
namely spits 8-23. Figure 9:2 also indicates that over the last 
14,000 years the percentage of categorised artefacts has been 
consistently high, whereas in earlier levels the percentage varies 
greatly between spits. Part of this increase in flaked pieces is 
probably due to the progressive degradation of artefacts, most 
pronounced in the lowest levels. An even more startling implication 
of stone degradation is the effect of weathering on artefact 
recognition. 
THE QUESTION OF NON-DIAGNOSTIC FRAGMENTS 
Non-artefactual pieces of stone called non-diagnostic (ND) 
fragments were identified, counted and weighed. These fragments were 
pieces of chert which might have been produced by stone working but 
which could not be definitely identified as artefacts. They were 
usually small cubes or rhombs of chert with flat faces caused by 
splitting along incipient fracture planes which run through the 
material. Since Colless Creek Cave is in chert-bearing dolomite, many 
such fragments may result from natural shattering of chert blocks. It 
is also possible that a proportion of the ND fragments found in each 
spit result directly from human activities. 
Figure 9:3 shows that ND fragments become more frequent with 
depth compared with artefacts. That is, as artefact density declines 
with depth they are to some extent replaced by ND fragments. Many of 
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t h e ND f r a g m e n t s from t h e lower l e v e l s of t h e d e p o s i t a r e h i g h l y 
w e a t h e r e d and i t i s p o s s i b l e t h a t many were once s m a l l a r t e f a c t s 
w h i c h h a v e b e e n so b a d l y w e a t h e r e d t h a t t h e y a r e no l o n g e r 
r e c o g n i s a b l e . The i n c r e a s e i n ND f r a g m e n t s which o c c u r s i n Un i t B 
( s p i t s 11-23) co inc ides wi th the l e v e l s i n which most a r t e f a c t s a re 
h e a v i l y weathered and i t can t h e r e f o r e be suggested t h a t many of the 
ND fragments may indeed be degraded a r t e f a c t s . The morphology of ND 
fragments i s of no h e l p i n determining whether they a r e a product of 
knapping or n a t u r a l rock fragmentat ion. Thus a l though they could be a 
b y - p r o d u c t of s t o n e work ing (eg . a s h a t t e r e d c o r e ) , t h e r e i s no 
m o r p h o l o g i c a l e v i d e n c e t o i n d i c a t e t h a t t h i s i s t h e c a s e . The 
ques t ion t h e r e f o r e a r i s e s , a re ND fragments a r e s u l t of knapping? I f 
so , i s t h e p r o p o r t i o n a l i n c r e a s e i n ND f r a g m e n t s and f l a k e d p i e c e s 
with depth a r e s u l t of p o s t - d e p o s i t i o n a l degrada t ion , or changes i n 
raw m a t e r i a l s and/or knapping t e c h n i q u e s ? A s p e c t s of t h i s q u e s t i o n 
are d iscussed below. 
Seve ra l l i n e s of evidence may shed l i g h t upon the o r i g i n s of ND 
fragments. By comparing the c h r o n o l o g i c a l changes i n ND p ieces wi th 
the ch rono log i ca l changes i n a r t e f a c t s i t i s p o s s i b l e to i n f e r t h a t 
t h e two t r e n d s a r e r e l a t e d . T a b l e 9:7 g i v e s b o t h t h e a c c u m u l a t i o n 
r a t e of ND f r a g m e n t s and t h e a r t e f a c t d i s c a r d r a t e f o r each s p i t i n 
Uni t A. A c o r r e l a t i o n c o - e f f i c i e n t of 0.970 f o r t h e number of ND 
fragments and a r t e f a c t s per u n i t t ime i n each s p i t i n d i c a t e s t h a t the 
ch rono log ica l t r ends a r e ext remely s i m i l a r for both types of ob jec t . 
Both r a t e s i n c r e a s e g r e a t l y i n t h e p e r i o d 13,500 t o 17,600 y e a r s BP 
( s p i t s 6-10). Taken by i t s e l f t h i s evidence i s i n c o n c l u s i v e because 
r a t e of a r t e f a c t a c c u m u l a t i o n and s e d i m e n t a c c u m u l a t i o n change 
s y n c h r o n o u s l y . T h u s , i f ND f r a g m e n t s r e s u l t f rom n a t u r a l 
f r a g m e n t a t i o n b e i n g washed i n t o t h e c a v e from t h e p l a t e a u a b o v e , 
t h e i r f r e q u e n c y migh t be a d e q u a t e l y e x p l a i n e d by r e f e r e n c e t o t h e 
r a t e of s ed imen t i n p u t and a c c u m u l a t i o n . The l a r g e s i z e of t h e s e 
f r a g m e n t s , however , a r g u e s a g a i n s t t h e s u g g e s t i o n t h a t t h e y were 
washed i n t o the cave wi th t he f i n e r sediments . 
To t e s t t h i s p r o p o s i t i o n f u r t h e r c h r o n o l o g i c a l changes i n 
a v e r a g e a r t e f a c t w e i g h t were compared w i t h changes i n t h e a v e r a g e 
w e i g h t of ND f r a g m e n t s i n each s p i t ( F i g u r e 9 :4 ) . Again t h e t r e n d s 
a re very s i m i l a r . A c o r r e l a t i o n c o - e f f i c i e n t of 0.897 for the average 
w e i g h t of ND f r a g m e n t s and a r t e f a c t s i n each s p i t of P46 i n d i c a t e s 
t h a t the c h r o n o l o g i c a l changes a r e n e a r l y t he same: t he s i z e of both 
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artefacts and ND fragments increased in the 13,500-16,400 years BP 
period. This seems good circumstantial evidence that at least a large 
proportion of ND fragments result from human activities in the 
shelter, perhaps artefact manufacture, or possibly other humanly 
induced processes (eg. increased use of fire). 
This conclusion is reinforced by the occurrence in the deposit 
of ND fragments of stone materials that must have been transported 
into the site by humans. A number of ND fragments contain cortical 
surfaces which are characteristic of R chert. These fragments or, 
more likely, the cobbles from which they derive, have been carried 
from the gravels found in the bed of Colless Creek. Since no unworked 
cobbles have been found in the cave it is likely that they were 
broken up by human activity, although not necessarily by 
stoneworking. 
This last suggestion is supported by evidence obtained from the 
steep scree slope immediately outside the cave. Here a surface 
collection of 16.5 m yielded 999 chipped stone artefacts and 249 ND 
fragments. The number of ND fragments per artefact in each collection 
unit varied between 0.2 and 0.4, averaging 0.25. This is a very small 
proportion compared with that in the assemblages from within the 
cave. For example, P46 has an average of 1.27 ND fragments per 
artefact, and the lower levels have even higher proportions. Many of 
the artefacts inside the cave, particularly the flaked pieces, have 
been shattered or cracked by heat, and there are many potlids 
resulting from the excessive heating of the stones. On the scree 
slope, however, there are no potlids and only two artefacts which 
show signs of heat damage. Thus the use of fire is largely restricted 
to the cave, and because the absence of fire on the scree slope is 
coincident with a scarcity of ND fragments it is concluded that fire 
is likely to have been one of the major mechanisms which broke up 
chert. 
In general, ND fragments are not simply the result of natural 
fragmentation. Rather, they are a product of at least three 
mechanisms: stoneworking, hearth fires, and iri situ weathering. It is 
difficult to disentangle the extent to which these different 
mechanisms contributed to the formation of the ND fragments, although 
given the evidence presented above, heating is a greater cause of 
fragmentation than is stoneworking, and weathering is a major factor 
only in Unit B. The chronological trends in the ND accumulation rate 
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duplicate the trends in the discard rate of artefacts. If ND 
fragments do result primarily from human activity, then the evidence 
from ND fragments reinforces the previous interpretation of increased 
discard rate and greater size of artefacts in spits 6-9. The apparent 
change in artefact sizes might still be biased by another mechanism 
related to weathering, namely the leaching of artefacts. 
LEACHING OF ARTEFACTS 
Initial inspections of the assemblage indicated that many of the 
heavily weathered artefacts were very light in comparison to less 
weathered ones, suggesting that they had been leached. To test this 
proposition, data on weight and ventral surface area of complete 
chert flakes were correlated using regression analyses, and the lines 
of best fit calculated. This was done for three groups of flakes: 
spits 1 and 5 representing Phase III, spits 6-9 representing Phase 
II, and spits 12-23 from the weathered Unit B representing Phase I. 
The weight of a flake will vary with thickness from the ventral to 
dorsal faces as well as with area of the ventral surface. Since some 
levels of the deposit might contain a higher proportion of thick 
flakes the three samples were standardized by using only flakes which 
were between 0.1 and 0.6 cm thick. 
The results of the analyses are presented in Figure 9:5. The 
lines of best fit for the samples from Unit A are relatively close 
together, and are above the Y=X line. In contrast, the line of best 
fit for artefacts from the lower unit is closer to the x axis and 
below the Y=X line. This means that for any given ventral surface 
area, the flakes in Unit B weigh much less than flakes in Unit A. 
These differences are quantified in Table 9:8, which shows the area 
for various weights in each of the three samples. Flakes in Unit B 
have approximately 0.6 the density of flakes in higher levels. 
This pattern is a result of _in situ leaching of chert artefacts 
during weathering. Since weathering is pronounced only in artefacts 
from Unit B, it can be argued that only the heavily weathered 
artefacts have been severely affected by the removal of mineral 
components in solution. 
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The i m p l i c a t i o n of these f ind ings i s t h a t weight cannot always 
be taken as an accu ra t e and comparable i n d i c a t i o n of f l a k e s i z e . The 
s i ze of a r t e f a c t s i n d i f f e r e n t s p i t s w i t h i n Unit A can be c o n f i d e n t l y 
compared us ing weight , but when comparing a r t e f a c t s from Unit A w i t h 
t h o s e from U n i t B t h i s i s n o t t h e c a s e and t h e s i z e of a r t e f a c t s i n 
lower l e v e l s w i l l be underes t imated . The q u e s t i o n of whether t he low 
average weights of a r t e f a c t s from Unit B i s accounted for by l e a c h i n g 
was examined by d e t e r m i n i n g t h e l e n g t h , w i d t h and v e n t r a l s u r f a c e 
a r e a f o r each of t h e t h r e e s a m p l e s d e f i n e d p r e v i o u s l y ( T a b l e s 9:9-
11) . These measurement s i n d i c a t e t h a t t h e a r t e f a c t s i n U n i t B a r e 
g e n e r a l l y s m a l l e r than those i n Unit A. Complete c h e r t f l a k e s from 
s p i t s 6-9 h a v e a v e r a g e l e n g t h s and w i d t h s 1.6 t i m e s g r e a t e r t h a n 
those from Unit B. The average a rea of complete f l a k e s from s p i t s 6-9 
i s t h r e e t imes g r e a t e r than t h a t of f l a k e s from Unit B. Thus, d e s p i t e 
t h e l e a c h i n g of o l d e r a r t e f a c t s , t h e t r e n d i n a r t e f a c t s i z e 
i d e n t i f i e d on t h e b a s i s of w e i g h t i s a r e a l one and r e q u i r e s 
exp lana t ion . 
Thus, t h e q u e s t i o n r e m a i n s , why do t h e same changes o c c u r i n 
a r t e f a c t s and ND fragments i n square P46, and why i s t h e r e a p o s i t i v e 
r e l a t i o n s h i p b e t w e e n s i z e and d i s c a r d r a t e ? A l t h o u g h p o s t -
d e p o s i t i o n a l p rocesses have a l t e r e d t he assemblage, such a l t e r a t i o n s 
have p r i m a r i l y emphasised e x i s t i n g p a t t e r n s - I conclude t h a t the high 
a r t e f a c t d i s ca rd r a t e s and l a r g e a r t e f a c t s i z e which occurred between 
17,600 years BP and 13,500 years BP r e s u l t e d from the human behaviour 
which t ook p l a c e i n t h e c a v e a t t h a t t i m e . The c a u s e of t h e s e 
p a t t e r n s of r e s i d u e may h a v e been v a r i a t i o n s i n t h e s p a t i a l 
a c t i v i t i e s of the occupants of t he cave . 
198 
Chapter 9 
9.3 HYPOTHESIS 3: SPATIAL VARIATIONS WITHIN THE CAVE 
Sweeping, throwing or shoveling large artefacts into the rear of 
the cave from the front during the period 13,500-17,600 years BP 
would have produced the size increases in artefacts and ND fragments 
which occur in the lower levels of Unit A in P46. It might also have 
resulted in the higher discard rates in the rear of the cave at that 
time. It was initially anticipated that the degree to which this 
mechanism operated could be examined by digging further squares in 
the front of the cave, obtaining an age/depth curve going back 17,600 
years, and determining whether or not the trend in artefact sizes and 
discard rates paralleled that found in P46. 
CHANGES IN SQUARES OTHER THAN P46 
During the second field season at this site, a number of 
squares, particularly S37 and K39, were excavated in an attempt to 
find a sequence which could be compared with the one from the rear of 
the cave. As described in Chapter 8, Unit A sediments in most squares 
in the front of the cave dated only to the last 4,000-8,000 years, 
with earlier material having been removed by scouring. In squares T39 
and U39, late Pleistocene material remains at the base of Unit A. It 
was not possible to construct even rough age/depth curves in either 
of those squares, however, and so it was not possible to examine 
discard rates at the front of the shelter. Other ways of examining 
Hypothesis 3 had to be found. 
Although it was not possible to infer discard rates at the front 
of the shelter it was possible to look at the sizes of artefacts. 
Square T39 was dug to a depth of 28 cm in 11 spits. The upper seven 
spits (1-7) occur in Unit A, the next four spits (8-11) are in Unit 
B. Spit 2 is probably mid-late Holocene as it contained backed blades 
(cf. Johnson 1979). A shell sample from spit 6 was dated to 
16,170_+260 years BP (ANU 2508). Thus material from each of the three 
phases defined in Chapter 8 should be represented in this square, and 
so allow a comparison with artefact sizes at the rear of the cave. 
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Chert artefacts in each spit of T39 were identified using the 
procedures detailed in Chapter 8. The number, weight and average 
weight of artefacts in each spit is given in Table 9:12. On the basis 
of these data the artefactual sequence can be divided into three 
phases, which are summarized in Table 9:13. The three phases are as 
follows: 
Phase I (Spits 8-11) 
The average weight of artefacts in these spits is 0.1 g, and the 
range is from 0.04 g to 0.15 g. 
Phase II (Spits 5-7) 
The average weight of artefacts in these spits is 1.8 g, and the 
range is from 1.58 g to 3.00 g. 
Phase III (Spits 1^4) 
The average weight of artefacts in these spits is 0.6 g, and the 
range is from 0.13 g to 0.94 g. 
This sequence is very similar to that in P46. The lowest average 
weight of artefacts in the sequence occurs in Unit B, and the phase 
with the next lowest average weight of artefacts occurs in the most 
recent phase. Between these two phases of relatively light artefacts 
is one with artefacts which are on average much heavier. The level 
with large artefacts lies immediately above Unit B, at the base of 
Unit A, and dates to approximately 16,000 years BP. Thus Phase II in 
square T39 occurs at the same date, and in the same stratigraphic 
position, as Phase II in P46, and is preceded and succeeded by levels 
containing smaller artefacts just as at the rear of the cave. The 
chronological changes in artefact size identified in P46 occur 
simultaneously throughout the cave and it can be concluded that they 
are not a product of variations in the location of areas into which 
large artefacts were thrown. Furthermore, because in Phase II of T39 
relatively large artefacts were left in the front of the cave it is 
clear that the debris on the cave floor was not swept or shoveled to 
the rear of the cave at that time. 
This conclusion does not mean that artefacts were dropped 
haphazardly within the cave, but only that the pattern of discard was 
relatively constant throughout the history of occupation. Table 9:14 
shows the average weights of artefacts from each of the three phases 
of T39 compared with those from the same phase from P46. In all 
phases artefacts discarded at the rear of the cave were on average 
larger than those discarded at the front. This pattern implies two 
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t h i n g s a b o u t t h e n a t u r e of o c c u p a t i o n . F i r s t l y , i t i s l i k e l y t h a t t h e 
f r o n t of t h e c a v e was m o r e h e a v i l y u s e d ( c f . O ' C o n n e l l 1 9 8 7 : 8 2 ) . 
S e c o n d l y , t h e p o s i t i o n i n g of a c t i v i t i e s w i t h i n t h e c a v e c h a n g e d 
l i t t l e t h r o u g h o u t i t s o c c u p a t i o n . The s i m i l a r i t y of a c t i v i t y l o c a t i o n 
i n a l l p e r i o d s of human o c c u p a t i o n may r e s u l t from s l o w s e d i m e n t a t i o n 
r a t e s and c o n s e q u e n t l y t h e r e l a t i v e l y c o n s t a n t c a v e m o r p h o l o g y 
t h r o u g h t i m e . I f t h i s i s t h e c a s e , i t s u g g e s t s t h a t c a v e s i z e and 
m o r p h o l o g y p l a y e d a n i m p o r t a n t r o l e i n t h e s e l e c t i o n of a c t i v i t y 
l o c a t i o n s , an i n f e r e n c e drawn f o r d i f f e r e n t r e a s o n s i n C h a p t e r 4. 
The d e g r e e t o w h i c h a r t e f a c t s i n t h e r e a r of t h e c a v e w e r e 
l a r g e r t h a n t h o s e i n t h e f r o n t d e c r e a s e d t h r o u g h t i m e ( T a b l e 9 : 1 4 ) . 
I f t h i s t r e n d r e s u l t e d from a change i n t h e p r o p o r t i o n of a r t e f a c t s 
which were d i s c a r d e d i n t h e r e a r , i t wou ld t e n d t o h a v e i n c r e a s e d t h e 
s i z e of t h e a r t e f a c t s i n t h e l o w e r s p i t s of P46 r e l a t i v e t o t h o s e i n 
t h e upper s p i t s of t h a t s q u a r e . Only t h e a r t e f a c t s i n U n i t B a r e f a r 
l a r g e r i n t h e r e a r t h a n a t t h e f r o n t o f t h e c a v e . The d i f f e r e n c e s 
b e t w e e n f r o n t and r e a r i n P h a s e s I I and I I I a r e s m a l l and do n o t 
accoun t f o r t h e d i f f e r e n c e s i n a r t e f a c t s i z e be tween t h e two p h a s e s , 
a l t h o u g h t h e y may h a v e a f f e c t e d t h e e x t e n t of t h o s e d i f f e r e n c e s . 
I n v i e w of t h e s i m i l a r i t i e s i n c h r o n o l o g i c a l changes i n a r t e f a c t 
s i z e s t h r o u g h o u t t h e c a v e , t h e t r e n d s i n P46 c a n n o t be a r e s u l t o f 
s h o v e l i n g o r sweeping d e b r i s t o t h e r e a r of t h e c a v e i n some p e r i o d s 
and n o t o t h e r s . An i n d e p e n d e n t check on t h i s c o n c l u s i o n was o b t a i n e d 
by u n d e r t a k i n g t h e m i c r o d e b i t a g e a n a l y s i s d e s c r i b e d be low . 
MICRODEBITAGE ANALYSIS OF P46 
M i c r o d e b i t a g e a n a l y s i s s h o u l d d e t e r m i n e w h e t h e r t h e a r t e f a c t 
d i s c a r d r a t e s measured i n P46 r e s u l t from changes i n t h e p r o p o r t i o n 
of a r t e f a c t s t h r o w n t o t h e b a c k of t h e c a v e o r f r o m c h a n g e s i n t h e 
amount of k n a p p i n g a t t h e r e a r of t h e c a v e . Humans o c c u p y i n g t h e c a v e 
would n o t h a v e n o t i c e d v e r y s m a l l f r a g m e n t s of s t o n e ( m i c r o d e b i t a g e ) 
p roduced d u r i n g s t o n e w o r k i n g and so t h e y wou ld n o t h a v e p i c k e d them 
up o r th rown them away (cf . O ' C o n n e l l 1987 :104) . I t h a s a l r e a d y been 
shown t h a t d e b r i s i n t h e f r o n t of t h e c a v e was n o t swept o r s h o v e l e d 
i n t o t h e b a c k of t h e c a v e , a n d s o a n y t i n y f l a k e s f o u n d i n P46 m u s t 
h a v e b e e n c r e a t e d t h e r e by s t o n e w o r k i n g . T h u s t h e c h r o n o l o g i c a l 
c h a n g e s i n t h e a c c u m u l a t i o n r a t e o f t h e s e s m a l l a r t e f a c t s s h o u l d 
201 
Chapter 9 
r e f l e c t t h e changes i n t h e amount of s t o n e w o r k i n g . I f t h e 
microdebi tage accumula t ion r a t e p a r a l l e l s the d i s c a r d r a t e of the 
l a r g e r a r t e f a c t s desc r ibed in Chapter 8, then the changes l a r g e l y 
r e f l e c t v a r i a t i o n s i n the number of blows made by knappers a t t h a t 
spot in each period. 
Microdebitage consists of p a r t i c l e s r e s u l t i n g from stoneworking 
which are so small they are cannot be iden t i f i ed with the naked eye 
and so are not dea l t with in most stone analyses. This debris i s the 
f ine powder and chips t h a t may occur as dus t and g r i t around a 
knapper. Fladmark (1982) undertook experiments to determine, amongst 
o ther t h i n g s , what procedures a re necessa ry for the r e l i a b l e 
r e c o g n i t i o n of microdebi tage in s i t e sediments and the degree of 
cor re la t ion between the quanti ty of microdebitage and the quanti ty of 
macrodebitage. Fladmark (1982:208-209) defined seven cha rac t e r i s t i c s 
common to most microdebi tage and s e r v e t o d i s t i n g u i s h i t from 
sediment: 
1. Highly angular forms (ie. very low indices of rounding). 
2. Transparent to t rans lucent under t ransmit ted l i g h t . 
3. Often larger than the mean p a r t i c l e s ize . 
4. Usually regular geometric shapes. 
5. Usually some aspects of conchoidal f rac ture . 
6. Often l i e s c l o s e t o the su r face p l a n e of the microscope 
s l i de . 
7. Rock types suitable for flaking and different to those 
fragments occurring naturally in the sediment. 
The pre-treatment and microscopy procedures Fladmark (1982:217-
218) used were derived from Shackley (1975). These procedures were as 
follows: 
1. Obtain a bulk sample of the sediment. 
2. Air dry samples, remove the coarse material, screen 1.0, 
0.5, 0.25, 0.125, and 0.063 mm soil sieves, and weigh the 
resulting residues. 
3. If necessary, chemically pretreat the samples to remove 
encrustations or obscuring organic material. 
4. Split off sub-samples and spread on a standard glass 
microscope slide. 
5. Microscopically scan the slide using a magnification of x40 
for the 0.5, 0.25, and 0.125 mm fractions; and xlOO for the 
0.063 mm fraction. Count all microdebitage fragments. 
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F l a d m a r k ( 1 9 8 2 : 2 1 0 - 2 1 3 ) u s e d t h e s e r e c o g n i t i o n c r i t e r i a and 
m i c r o s c o p y p r o c e d u r e s t o a n a l y s e an e x p e r i m e n t a l k n a p p i n g f l o o r and 
d e t e r m i n e w h e t h e r m i c r o d e b i t a g e d e n s i t i e s w e r e i n d i c a t i v e of 
d e b i t a g e d e n s i t i e s a t a s i t e . He a r g u e d t h a t t h e v i s u a l l y h i g h 
d e n s i t y a r e a s of m a c r o f l a k e s were a l s o t h e h i g h d e n s i t y a r e a s of t h e 
0.5 mm s e d i m e n t f r a c t i o n . A l t h o u g h h e a d m i t s t h a t t h e s m a l l e r s i z e 
f r a c t i o n s y i e l d e d a m o r e t e n u o u s r e l a t i o n s h i p w i t h m a c r o f l a k e 
d e n s i t i e s , F l a d m a r k (1982:212) c o n c l u d e d t h a t , 
. . . i n i t i a l t e s t s o f c o r r e l a t i o n b e t w e e n 
m a c r o d e b i t a g e a n d m i c r o d e b i t a g e d e n s i t y 
d i s t r i b u t i o n s i n d i c a t e t h a t s m a l l , s y s t e m a t i c a l l y 
c o l l e c t e d s e d i m e n t b u l k s a m p l e s c a n y i e l d 
m i c r o d e b i t a g e f r e q u e n c i e s p o s s e s s i n g c l o s e 
r e l a t i v e d e n s i t y c o r r e l a t i o n s w i t h t o t a l 2 
m a c r o f l a k e c o u n t s f o r a d j a c e n t 1 m a r e a s . Maps 
p roduced by c o u n t i n g and p l o t t i n g m i c r o d e b i t a g e , 
p a r t i c u l a r l y i n c o a r s e r s i z e - f r a c t i o n s , w i l l b e a r 
p o s i t i v e r e l a t i v e r e l a t i o n s h i p s t o m a c r o f l a k e 
d e n s i t y p l o t s . 
By a n a l y s i n g F l a d m a r k ' s ( 1 9 8 2 : 2 1 1 ) r a w d a t a i t i s p o s s i b l e t o 
a s s e s s t h e d e g r e e of c o r r e l a t i o n be tween t h e f r e q u e n c y of m i c r o f l a k e s 
i n each of h i s s i z e c l a s s e s and macrof l a k e s . A r e g r e s s i o n a n a l y s i s of 
t h e s e d a t a p r o d u c e s t h e f o l l o w i n g c o r r e l a t i o n c o - e f f i c i e n t s : 
CORRELATION 
1.0000 
0 .6290 
0 .5709 
0 .4490 
0 .4274 
These f i g u r e s s u g g e s t t h a t even i n t h e r e l a t i v e l y c o n t r o l l e d 
c o n d i t i o n s of F ladmark*s f l a k i n g f l o o r s t h e d e g r e e of c o r r e l a t i o n 
d i m i n i s h e d w i t h d e c r e a s e d m i c r o d e b i t a g e s i z e . T h i s may be b e c a u s e of 
t h e g r e a t e r e f f e c t s of wind on s m a l l e r s i z e c l a s s e s , o r i n c r e a s e d 
e a s e of s c u f f a g e , a s w e l l a s changes i n t h e number of f r a g m e n t s i n 
each m i c r o d e b i t a g e s i z e c l a s s p r o d u c e d f o r e a c h m a c r o f l a k e . S i n c e 
e r o s i o n i s more l i k e l y t o remove s m a l l e r f r a g m e n t s , s amples from 
a r c h a e o l o g i c a l s i t e s can g e n e r a l l y be assumed t o m a i n t a i n o r 
e x a g g e r a t e t h i s t r e n d of d e c r e a s e d c o r r e l a t i o n i n s m a l l e r s i z e 
c l a s s e s . F ladmark (1982 :210) a l s o a r g u e d t h a t t h e e r r o r i n p r e p a r i n g 
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samples and estimating the number of microdebitage fragments was 
dramatically greater in smaller size fractions than in larger ones. 
In view of the greater inaccuracy in identifying microdebitage 
smaller than 0.5-0.25 mm it seems unreasonable to analyse smaller 
size classes unless there is a specific need to do so and a way of 
assessing the taphonomic factors which affected the archaeological 
sample. It is more sensible to concentrate instead on microflakes 
larger than 0.5 mm, and 'macrodebitage* which would normally pass 
through field sieves (1 mm - 3 mm). Material in these size classes is 
too small to have been transported by prehistoric hxomans, but large 
enough to have been relatively resistant to small, low energy 
scouring events. It is therefore suggested that for most sites 
artefacts 0.5 mm - 3 mm in size are most appropriate for determining 
the amount of knapping carried out on any particular spot. 
At Colless Creek Cave, however, the application of this method 
is complicated by a number of factors which Fladmark did not 
consider. Chert occurs naturally within the cave, and so the analysis 
of the microscopic fragments must be able to separate these natural 
fragments from artefacts. Fires, presumably hearths, are known to 
have occurred within the cave (cf. Hiscock 1985b). Fragmentation of 
both artefactual and non-artefactual pieces of chert by the excessive 
heat generated by such fires also provided a source of confusion. 
Thus at Colless Creek Cave the microdebitage analysis needed to 
distinguish artefacts from ND fragments and heat shattered fragments. 
To do this it was necessary to be able to pick up and turn over the 
microscopic fragments and thereby examine both sides, and to examine 
fractions large enough to reflect the full range of fracture 
characteristics. Trials determined that the residue which passed 
through a 2 mm sieve but which was retained in a 1 mm sieve was the 
most appropriate for further study. The microscopy procedures which 
were used were as follows: 
1. A 50 g bulk sample was obtained. 
2. The sample was air dried and sieved through 2 mm and 1 mm 
sieves. 
3. All residue retained in the 1 mm sieve was scanned at x30 
magnification. Chert fragments were classified into three 
classes: flakes, potlids and ND fragments. The number of 
fragments in each class was counted. 
204 
Chapter 9 
These procedures were also used to examine a sample of sediment 
obtained from a fissure in the rear of the cave. No artefacts or ND 
fragments were seen. Because much of the sediment entering the cave 
moves through these fissures, it can be concluded that microdebitage 
found within the cave resulted from knapping and was not transported 
into the cave with fine sediments. 
When Hughes and Aplin excavated Colless Creek Cave in 1979 they 
collected bulk samples from four spits in Unit A of P46 for 
sedimentological analyses. Two of these spits, P46/2 and P46/4, were 
in the low discard rate Phase III, while the other two, P46/7 and 
P46/9, were in the earlier Phase II of higher discard rates. The 1 mm 
fraction from a 50 g sample from each of these spits was examined 
microscopically. Table 9:15 shows the results of these examinations 
and the calculated accumulation rates of 1-2 mm flakes and ND 
fragments. The accumulation rates of these microscopic artefacts are 
ten to fifty times higher in the lower spits than in the upper spits. 
A second 50 g sample from each spit was examined to check the results 
(Table 9:16). The chronological change is essentially the same as 
that evident in the first sample. 
The trend in the microdebitage discard rate parallels the trend 
identified in macroscopic (>3 mm) flakes identified in P46. This 
implies that the chronological changes in discard rate result from 
changes in the amount of stoneworking and not simply from shifting 
patterns of discard. To examine the reasons for this increase it is 
necessary to examine the stoneworking technology which produced 
artefacts in the cave. 
9.4. HYPOTHESIS 4: TECHNOLOGICAL CHANGE 
The foregoing microdebitage analysis has shown that the 
increased rate of artefact discard in Phase II resulted from a 
greater amount of knapping than occurred in Phase III. This increased 
knapping might have resulted from one of two technological 
mechanisms. Firstly, the Phase II knappers at that period might have 
brought the same number of cores into the cave, but removed more 
flakes from each. Second, the knappers may have reduced more cores in 
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the same manner as they had in earlier and later phases. To infer 
which of these mechanisms was at work it is necessary to reconstruct 
the average length of reduction sequences at each level in the 
deposit. 
Increased artefact size in Phase II might have been produced in 
two ways. During that period an additional stoneworking activity 
which produced large flakes might have been added to the range of 
activities carried out in the cave prior to 18,000 years BP and after 
14,000 years BP. Initial stages of stoneworking, which usually 
involve decortication and the removal of large flakes, might have 
been carried out in the cave at some times and not others. 
Alternatively, larger flakes may not have been an addition to the 
pre—existing forms of stoneworking, but rather, one component of an 
entirely different stoneworking process. Distinguishing between these 
possibilities requires inferences concerning the techniques and 
strategies of knapping represented by artefacts in each of the three 
phases. 
METHODOLOGY 
Colless Creek Cave provided large numbers of artefacts in a well 
dated sequence, but it was not feasible to examine the technology by 
undertaking an extensive conjoin analysis. It was more appropriate to 
use a detailed analysis of attributes to examine the frequency of 
various types of knapping behaviours and thereby reconstruct the 
reduction system. Much of the analysis concentrated on measuring 
chert flakes. Flakes result from all stages of the stoneworking 
process and so reflect the range of technological practices in the 
cave more completely than do either cores or retouched flakes. 
In addition, retouched flakes are more fully understood when seen in 
the context of the population from which they come. By examining only 
chert flakes there is greater control over changes in stoneworking 
caused by differences in the fracture properties of varying raw 
materials. 
Twenty-eight variables were measured on each unretouched flake. 
Table 9:17 briefly defines each of these variables. More lengthy 
discussion of the definition, measurement and meaning of these 
variables is presented in Appendix 4. Cores were measured for the 
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number, size and position of scars, the amount of step terminations 
and cortex, and the platform angle. Flaked pieces were not examined 
in detail. 
Because a large number of variables had to be measured on each 
artefact, time constraints precluded detailed examination of all 3020 
artefacts from P46. Four samples totaling 1163 artefacts were 
selected for the attribute analysis and these measurements took 
almost 400 hours to complete. The samples chosen were those from 
levels of the deposit appropriate to examining the chronological 
differences in technology which may be reflected in artefact size and 
numbers. The samples were: 
Upper Sample = Spits 1 and 5 (n=293) 
Middle Sample = spits 6,7,8 and 9 (n=252) 
Lag Sample = spit 11 (n=257) 
Lower Sample = spits 12-23 (n=361) 
These szimples are of similar size (ie. 250-350) and all are adequate 
for statistical analysis. The Upper Sample represents Phase III, 
while the Middle and Lower Samples represent Phases II and I 
respectively. The fourth sample was selected to represent the gravel 
lag which occurs between Units A and B. Material from the gravel lag 
was previously placed in Phase I on the basis of average artefact 
size, but in the following analysis it was separated to provide 
greater resolution of chronological changes. 
Statistical calculations were carried out on a microcomputer 
using the Microstat program. Much of the data was not normally 
distributed and so the main procedures used were various descriptions 
of class frequency and the shape of data distributions. 
PATTERNS OF FLAKE BREAKAGE 
There are chronological changes in both the frequency of broken 
flakes and the proportions of various breakage classes. Proportions 
of breakage patterns in each of the four samples are given in Table 
9:18. The highest rate of breakage occurs in Phase III (the Upper 
Sample) and the lowest in Phase I (the Lag Sample). Distal fragments 
are consistently more common than proximal fragments. There are 
probably three main reasons for this pattern. Firstly, in the 
category of longitudinally and transversely broken fragments there 
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are more proximal than distal pieces. Secondly, broken eraillure 
flakes would be included in the distal fragment category. Thirdly, it 
is possible that more than one distal fragment is produced from a 
flake, but only one complete proximal fragment can result from 
breaking a flake. 
The frequency of longitudinally cone-split fragments varies 
markedly through the deposit, being highest in Phase I (the Lag 
Sample) and lowest in Phase III (the Upper Sample). The proportion of 
broken flakes which are longitudinally cone-split flakes can also be 
expressed as the ratio of transversely broken to longitudinally 
broken flakes (Table 9:19). This ratio indicates that in comparison 
with transverse breaks, longitudinal cone-splitting is most common in 
the Unit B (Lag and Lower Samples), and lowest in Phase III (the 
Upper Sample). Phase II (the Middle Sample) has almost twice the 
frequency of longitudinal cone split flakes found in Phase III. 
Longitudinal breakage is typically due to the application of excess 
force during manufacture, and so this pattern suggests that in Phase 
III (Upper Sample) there was either less knapping done at the rear of 
the cave and/or that the blows were less forceful than in earlier 
times. This inference therefore reinforces the conclusions which have 
been drawn about the reality of changes in flake sizes and numbers. 
Broken flakes do not contain the full range of information about 
stoneworking which can be retrieved from complete flakes. 
As a result, many of the following analyses use data only from 
complete flakes. The number of specimens in each of the four samples 
was therefore decreased to 170 (Upper), 153 (Middle), 187 (Lag), and 
235 (Lower). 
HEATING OF STONE MATERIALS 
The percentage of chert flakes and flake fragments in each of 
nine categories of heating are listed in Table 9:20. With the 
exception of three flakes in the Upper Sample, none of the artefacts 
shows signs of colour change and increased lustre which often 
indicate controlled thermal treatment of siliceous stone. Instead, 
virtually all artefacts which show signs of heating reflect the 
application of uncontrolled and excessive heat after the flake had 
been struck from the core. This suggests that the alteration of stone 
208 
Chapter 9 
materials was due largely to fires being lit in the cave on top of 
flakes lying on the floor. Thus, there is no chronological change in 
the controlled 'heat treatment* of rocks which could explain the 
changes in artefact sizes and numbers. 
KNAPPING TECHNIQUES 
Throughout the P46 artefactual sequence the knappers produced 
flakes by direct percussion. There is no evidence in the assemblage 
for the application of either pressure flaking or indirect 
percussion. Indeed, replicative experiments by the author showed that 
similar debris could easily be produced by direct percussion but not 
by other techniques. It is further suggested that stone hammers were 
used throughout the sequence. 
The only change in technique through time is the addition in 
upper spits of bipolar percussion to the non-bipolar percussion used 
previously. Bipolar techniques were restricted to retouching flakes 
in spits 2 and 3. Only five flakes were retouched in this way, and 
the flakes removed were so small that they would have passed through 
the 3 mm sieve. The introduction of bipolar flaking therefore cannot 
be used to explain the chronological changes in discard rate and 
artefact size. 
Thus, there are no chronological changes in knapping technique 
which would have resulted in variations in artefact sizes and 
numbers. Any chronological change in technology which occurs will be 
more subtle variations within a single technique, such as alterations 
in the application of force. 
SELECTION OF RAW MATERIALS 
Most of the artefacts found in Colless Creek Cave were made of 
chert which could be obtained locally. As described in Chapter 3, not 
all of the chert possessed the same fracturing properties. Two major 
types of chert could be identified: Q (quarry) Chert from the plateau 
and R (river) Chert from the base of the gorges. R Chert is 
consistently more common throughout the deposit. Table 9:21 shows the 
chronological changes in the ratio of R Chert to Q Chert. The 
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proportion of R Chert is similar in the Upper and Lower Samples, 
where it is approximately double that of Q Chert. In contrast, the 
Middle and Lag Samples contain much higher proportions of R Chert. 
This pattern is evident on both small and large flakes, although it 
is most pronounced on larger ones (Table 9:21). These data indicate 
that when the Middle and Lag samples were deposited, during Phase II 
and the later part of Phase I, the quarries on the plateau were less 
frequently exploited and chert cobbles from Colless Creek were the 
dominant source of stone for artefact manufacture. 
In Chapter 7 it was demonstrated that the size, shape and 
fracture properties of R Chert are different from those of Q Chert, 
and that different stoneworking strategies were applied to each type 
of chert during the Holocene. A chronological change in the 
proportions of each of these raw materials might have produced major 
technological changes. The effects of this raw material change are 
visible in the trends in the nature of reduction. 
NATURE OF REDUCTION 
Chronological changes in the size of artefacts result from 
differences in the location of blows, the force of the blows, and the 
nature of core maintenance and decortication procedures. Changes in 
each of these aspects of knapping can be related to the selection of 
Q Chert or R Chert. 
Decortication procedures 
Knappers employ strategies to organize their blows to achieve 
objectives and to overcome difficulties. One of the first activities 
for which a knapper requires a strategy is the removal of cortex. The 
proportion of flakes which removed cortex from the core face 
(decortication flakes) peaks in Phase II (the Middle Sample), is 
distinctly less in Phase III (the Upper Sample), and is even less in 
Phase I (Table 9:22). This pattern does not reflect only the fact 
that decortication during Phase II involved removing less cortex on 
each flake and therefore required more flakes to accomplish 
decortication. Table 9:23 shows that within Unit A there are only 
small differences in the proportions of decortication flakes which 
210 
Chapter 9 
have more than 50Z of their dorsal surfaces covered by cortex. 
Consequently it is suggested that the higher proportion of 
decortication flakes in Phase II, compared with Phase III, resulted 
from the removal of more cortex. This proposition was confirmed by 
directly measuring the surface area of cortex removed by flakes. In 
Phase II (Middle Sample), a total of 118.6 cm of cortex exists on 
the dorsal face of complete flakes, whereas in Phase III (Upper 
Sample) there is only 62.5 cm . The greater quantity of decortication 
during Phase II might have resulted from the reduction of larger 
cobbles at that time than during other periods. Alternatively, it 
might have resulted from variations in cobble shape, the 
decortication procedures or the amount of post-decortication 
reduction. 
Variations in decortication procedures can be measured by 
looking at the way in which cortex was removed on flakes. Table 9:24 
shows for each of the four samples the percentage of flakes in nine 
classes of cortical position. Three chronological trends can be 
inferred from these data. Firstly, there was a change from the 
consistent removal of cortex by flakes running the length of the 
piece of stone in the earlier period to more variety in the way 
decortication was carried out in the later periods (see Figure 9:6). 
It is suggested that in the earliest sample decortication flakes were 
mainly removed from retouched flakes, whereas in later samples cores 
were increasingly the source of decortication flakes. In Phase I 
blows applied to the ventral surface of retouched flakes removed 
cortex in a very regular way on the dorsal surface of small flakes. 
In later phases knapping cores involved removing cortex on flakes of 
greatly varying sizes. 
Secondly, the removal of decortication flakes from more than one 
platform was more common in Phase II (the Middle Sample) than in 
other periods (see Figure 9:7). More frequent core rotation during 
decortication during Phase II indicates that cobbles were either 
larger or of different shapes at that time than in earlier or later 
periods. 
Thirdly, the frequency of flakes on which the dorsal surface is 
completely covered by cortex is relatively high in the Lag and 
Upper Samples, much less in the Middle Sample, and absent in 
the Lower Sample (see Figure 9:8). The absence of such flakes in 
the Lower Sample is consistent with the suggestion that early in 
211 
Chapter 9 
Phase I many of the flakes were struck from retouched flakes. In 
Phase II (the Middle Sample) the relatively low frequency of primary 
decortication flakes might reflect a greater tendency to test R Chert 
cobbles before bringing them to the cave and/or the removal of cortex 
from large cobbles on many secondary decortication flakes. 
These three trends indicate that there were variations through 
time in the way cortex was removed. It is suggested that these 
variations relate to the knapping of retouched flakes rather than 
cores early in Phase I and the switch to procurement of more R Chert 
cobbles in Phases II and III. The evidence also consistently points 
towards the knapping of larger and/or differently shaped cobbles in 
Phase II than in Phase III. Thus it can be asked whether alterations 
to the decortication procedures account for the marked increase in 
the size of flakes in Phase II. Because cortical flakes in Phases II 
and III are markedly larger than flakes without cortex (Table 9:25), 
a change in their frequency within the assemblage might have caused 
chronological changes in average artefact size. An increase in the 
size of flakes in Phase II was coincident with the increased 
frequency of decortication flakes, suggesting that the phenomena 
might be causally related. But although this trend may have 
exaggerated the size increase it does not, by itself, explain the 
chronological changes in artefact size. The area of complete flakes, 
either with or without cortex, is clearly greatest in the Middle 
Sample (Table 9:25). Indeed, the chronological change in flake size 
is most pronounced in those flakes without dorsal cortex. This 
demonstrates that there must have been changes to other components of 
stoneworking in the Colless Creek Cave sequence. 
Behaviour relating to the amount of applied force 
Differences in the area of the ventral surface of flakes 
indicate that the average force of blows was least in Phase I (the 
Lower and Lag Samples), greater in Phase III (the Upper Sample) and 
greatest in Phase II (the Middle Sample) (Table 9:11). This inference 
is supported by the occurrence of outrepasse terminations in the 
Upper and Middle Samples, since outrepasses are typically produced by 
relatively high amounts of force. Another line of evidence which 
indicates that applied force was greatest in Phase II is that the 
frequency of platform shattering when blows were located on platforms 
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of the same size. Table 9:26 shows that shattering was distinctly 
more frequent in the Middle sample. 
The percentage of flake terminations which are not feathered 
provides one rough indication of the control a knapper obtained over 
fracturing. Table 9:27, which shows the relative frequency of various 
flake terminations, indicates that while the percentage of feather 
terminated flakes changed little over time it is highest in the Phase 
II and lowest in Phase III. This suggests that the forceful knapping 
in Phase II was relatively successful in controlling fracture, but 
that the decrease in the amount of applied force in Phase III was 
accompanied by a slight decrease in control. These changes in the 
force of blows were accompanied by alterations to blow location. 
Behaviour relating to the location of force application 
The location of a blow on a core has four major components: the 
platform surface on which the blow is placed, the proximity of the 
blow to the core edge, the placement of the blow relative to ridges 
on the core face, and the selection of appropriate platform angles. 
Analysis of these factors indicate that there were subtle changes in 
force application during the history of occupation of the cave. 
Platform surfaces were never prepared by faceting or grinding, 
and in most cases a platform was produced simply by removing one or 
two large flakes (Table 9:28). Unprepared cortical platforms increase 
steadily through the sequence, from about 5Z in Phase I (Lower 
Sample) to over lOZ in Phase III (Upper Sample). Platform surfaces of 
weathered cracks also become much more common in Phases II and III 
(Table 9:28). These trends are consistent with the hypothesised 
change from a focus on knapping retouched flakes in Phase I to the 
removal of flakes from cores in Phases II and III. 
The proximity of blows to the edge of the platform edge can be 
measured in a variety of ways, most directly by statistics on the 
thickness of platforms on flakes. Table 9:29, which presents 
descriptive statistics on platform thickness, demonstrates that blows 
were placed only a small distance from the core edge in the Lower and 
Upper Samples. Blows were frequently placed further from the platform 
edge in the Lag and Middle Samples. In comparison with flakes in 
higher and lower levels of the deposit, flakes in Phase II (the 
Middle Sample) have relatively thick platforms, even if decortication 
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flakes and unusually large flakes are excluded from calculations 
(Table 9:30). These chronological changes in blow location can also 
be discussed in terms of the precision with which the knapper struck 
the core. Focalized platforms are least common in Phase II and most 
common in Phase III (Table 9:31). Since focalized platforms result 
from the relatively precise placement of the hammer near the edge of 
the platform it is suggested that the application of blows was most 
precise in Phase III and least precise in Phase II. This pattern is 
related to the removal of platform overhang, which facilitates the 
placement of blows close to the edge of the platform (Table 9:32). 
Flakes with overhang removal are more frequent in the Upper and Lower 
Samples than in the Middle and Lag Samples. These differences are 
even more pronounced when expressed in terms of the percentage of 
platform edge with overhang removal (Table 9:33). Thus the 
artefactual sequence at Colless Creek Cave indicates that through 
time there was a increase and then a decrease in the distance from 
the platform edge of the point struck by knappers. When blows were 
very close to the edge the knappers prepared the platform by 
relatively extensive overhang removal, whereas during Phase II when 
blows were struck far from the edge the knappers undertook less 
preparation of the core by overhang removal. The location of 
imprecise blows far from the core edge during Phase II (Middle 
Sample) was probably a major factor increasing flake size at that 
time. 
Other changes in the positioning of blows also occurred during 
the P46 sequence. The placement of blows relative to ridges can be 
examined by measuring the transverse cross-section of flakes. Flakes 
in Phases I and II (Middle, Lag and Lower Samples) have broadly 
similar transverse cross-sections, with 65-75Z of flakes having 
pronounced ridges and 30-40Z having high marginal angles (Table 
9:34). In contrast, fewer flakes in Phase III (Upper Sample) have 
pronounced ridges or high angles, and many more are irregular in 
cross-section. This pattern reflects a tendency towards more gently 
curving cores and the removal of many small flakes rather than a few 
large ones. 
The most distinct change in platform angles occurs between 
Phases I and II (Table 9:35). Flakes in Phase I (the Lag and Lower 
Samples) have a large range of angles but the population is 
positively skewed and the mode 60-69°. The predominance of low angles 
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in the two lower samples is explicable as the removal of flakes from 
retouched flakes. Platform angles in Phases II and III have a smaller 
range, a negatively skewed distribution and a mode of 70-79°. A 
change toward steeper platform angles, in conjunction with the 
knapping of cores rather than retouched flakes, led to larger flakes 
in Phases II and III. 
Explaining the chronological changes in artefact size 
These changes in the force and location of blows and the pattern 
and extent of decortication produced the chronological changes in 
artefact size. Changes in blows and decortication were probably at 
least partly induced by changes in the size and shape of cores and 
retouched flakes which were worked in the cave. It has already been 
argued that for much of Phase I (Lower Sample), small flakes resulted 
from striking the ventral surface of retouched flakes. This 
interpretation is based on the size and features of flakes as well as 
the absence of cores from Unit B. Artefact size is relatively large 
in the lag and Unit A, levels formed at a time when flakes were more 
frequently removed from cores. 
Variation in flake size within Unit A probably resulted from 
differences in the location and force of blows. Changes in these 
aspects of knapping are likely to reflect two mechanisms. Firstly, 
the proportions of Q and R Chert varied during the last 18,000 years. 
Differences in the shape of nodules and the properties of cortex on 
these two types of chert encouraged different patterns of 
decortication and core maintenance. During Phase II, when most of the 
stone nodules where R Chert, decortication was more often carried out 
by striking several platforms than it was during Phase III, when Q 
Chert was more common. This pattern might indicate the reduction of 
more rounded and irregular-shaped cobbles in Phase II than in Phase 
III, and the need to rotate the cores to set up flat platform 
surfaces. If this was the case, then striking forcefully and 
relatively far from the platform edge would be advantageous in 
removing the kind of relatively large flakes needed to set up 
platforms. Inspections of the assemblage support this proposition 
because only in the Middle Sample do many of the decortication flakes 
show strongly curving outer surfaces and irregular protruding lumps. 
Perhaps the heavy exploitation of R Chert during Phase II exhausted 
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the supply of flat cobbles and forced the knappers to select rounded 
and irregular cobbles. It has also been suggested that the nodules 
brought into the cave during Phase II may have been larger on average 
than during other periods, facilitating the production of larger 
flakes, but at the same time increasing the difficulties of 
decortication. 
The second mechanism which may have caused artefact size changes 
within Unit A was a difference in the number of flakes struck from 
each core after cortex had been removed. It is suggested that 
markedly more post-decortication flakes were struck off in Phase III 
than in Phase II. This increased reduction is indirectly reflected in 
a lower percentage of decortication flakes in Phase III than in Phase 
II. If this was the case, it can be argued that increased reduction 
would have led to a decrease in average flake size , By increasing the 
number of flakes that were struck from each corr., knappers would have 
reduced the size of the core and decreased the size of flakes which 
could have been removed. In this way the average size of cores and 
flakes would have become smaller in Phase III than they had been in 
Phase II. This hypothesised change in the number of flakes removed 
from each core can be verified in a several ways. 
LENGTH OF REDUCTION 
One way of viewing the number of flakes struck from each piece 
of stone, the length of the reduction sequence, is to examine for 
each spit the number of flakes per core. Table 9:36 lists these data 
for P46. No spits below P46/10 have cores. Spits 6-10 have relatively 
low numbers of flakes per core. The extremely high numbers of flakes 
in spits 1-5 were certainly produced by more cores than were 
recovered from P46. In Chapter 7 the reconstruction of Holocene chert 
knapping indicated that 20-30 flakes was the maximum removed from 
most nodules of stone. If similar stoneworking took place at Colless 
Creek Cave then either many of the flakes in spits 1-5 were struck 
off elsewhere and then brought to the cave or the majority of cores 
which were knapped in the cave were later removed. If the second 
inference is correct it implies that the cores made in the cave were 
carried around and perhaps extensively reduced, something for which 
there should be other evidence within the assemblage. 
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If, as seems likely, there is only one platform removal flake 
produced in each rotation of a core, then the number of flakes with 
marginal or distal scars on their dorsal surface per platform 
removal flakes indicates the number of flakes struck off between 
rotations. Table 9:37 shows these data for complete post-
in 
decortication flakes^each of the four samples. In Phase I (Lower 
Sample) and Phase III (Upper Sample) the number of flakes struck from 
each platform on a rotated core was 2-3 times greater than during the 
Phase II period of occupation. As a result, cores in Phases I and III 
may have produced more flakes than cores in Phase II (Middle 
Sample). In other words, these data suggest that in the Middle and 
Lag Samples the reduction was relatively short. 
An increase in the length of reduction from Phase II to Phase 
III is also reflected in the characteristics of the discarded cores 
(Table 9:38). Cores from Phase III are slightly lighter than those in 
Phase II, have smaller flakes removed from them, have more flakes 
removed from them, and have less cortex. When discarded, over half of 
the cores in Phase II had cortical platforms, whereas all of the 
cores in Phase III had the cortex removed from their platforms. 
Correspondence of these various lines of evidence makesit likely 
that the higher discard rate in spits 6-10 (Phase II) is not simply 
the result of an increased length of reduction. On the contrary, in 
contrast to earlier and later times the period represented by those 
spits is characterised by more nodules of chert being transported to 
the cave but fewer flakes being removed from each. As a consequence, 
the high artefact discard rates during the period 13,500-17,600 
years BP probably indicate a period of intensive knapping activity. 
Furthermore, it is likely that during Phase II the majority of cores 
which were knapped in the cave were discarded there, whereas during 
Phase III many of the cores were carried away. These inferences and 
those concerning the nature of reduction indicate that the 
stoneworking activities in Phase II were noticeably different to 
those in Phase III. An explanation of those differences can now be 
offered. 
It has been suggested that the decrease in artefact size from 
Phase II to Phase III resulted from changes in the nature of blows 
and the knapping strategy, and from an increase in the extent to 
which each core was reduced. Underlying those changes were 
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a l t e r a t i o n s to the system of raw m a t e r i a l procurement. Phase I I I i s 
c h a r a c t e r i z e d by r e l a t i v e l y l i g h t and p r e c i s e blows accompanied by 
r e l a t i v e l y e x t e n s i v e o v e r h a n g r e m o v a l , and t h e r e m o v a l of a 
r e l a t i v e l y l a r g e nvmiber of s m a l l , t h i n f l a k e s from each core . I t was 
a l s o suggested t h a t cores brought t o t he s i t e may have been s m a l l e r 
and more r e g u l a r l y s h a p e d , t h a t t h o s e d i s c a r d e d a t t h e s i t e were 
r e l a t i v e l y h i g h l y reduced, and t h a t many were l a t e r t aken e l sewhere . 
I n C h a p t e r 7 i t was shown t h a t a t s i t e s i n t h e p l a t e a u and g o r g e s , 
l a r g e amounts of overhang removal and f requent f o c a l i z e d p la t fo rms 
a re c h a r a c t e r i s t i c of Q Chert r e d u c t i o n but not of R Chert r educ t ion . 
Because t h e r e was a g r e a t e r emphasis on t he use of Q Chert Phase I I I 
t h a n i n Phase I I , i t may be t h a t t h e k n a p p e r s a d j u s t e d t h e i r 
p r o c e d u r e s t o more f r e q u e n t l y employ a p p r o a c h e s s u i t e d t o work ing 
t h i s m a t e r i a l . F u r t h e r m o r e , i n C h a p t e r 5 i t was d e m o n s t r a t e d t h a t 
o v e r h a n g r e m o v a l and f o c a l i z e d p l a t f o r m s a r e f e a t u r e s t y p i c a l of 
s t o n e w o r k i n g away from a s o u r c e of r e p l a c e m e n t s t o n e , i n c o n t e x t s 
where knappers a t tempted t o conserve t h e i r co re s . I t has a l r e a d y been 
noted t h a t i n a l l phases of occupat ion a t t h i s s i t e the ma jo r i ty of 
s tone was p robab ly procured from nearby r i v e r g r a v e l s . During Phase 
I I I , however , i t i s e s t i m a t e d t h a t 24-40Z of t h e s t o n e was q u a r r i e d 
a t the more d i s t a n t and l e s s a c c e s s i b l e c h e r t ou tc rops on the p l a t e a u 
(Table 9:21). Perhaps t he n a t u r e of the stoneworking dur ing Phase I I I 
r e f l e c t e d the c o n s e r v a t i o n of c h e r t . 
In c o n t r a s t . Phase I I knapping i s c h a r a c t e r i z e d by f o r c e f u l but 
imprecise blows, r e l a t i v e l y l i t t l e overhang remova l , and the removal 
of o n l y a few l a r g e t h i c k f l a k e s from each c o r e b e f o r e i t was 
d i scarded . The cobbles brought t o t he s i t e may have been r e l a t i v e l y 
l a r g e and/or i r r e g u l a r i n shape, were not as e x t e n s i v e l y reduced as 
a t l a t e r t i m e s , and fewer were c a r r i e d away f o r u s e e l s e w h e r e . Low 
amounts of overhang removal and i n f r equen t f o c a l i z e d p la t fo rms a re 
c h a r a c t e r i s t i c of R Chert r e d u c t i o n i n Holocene s i t e s e l sewhere i n 
the gorge system and i t may be t h a t t h e p resence of t h e s e f e a t u r e s i n 
the Phase I I assemblage r e f l e c t s an emphasis on knapping R Chert a t 
t h a t t i m e . T h i s c o m b i n a t i o n of k n a p p i n g p r o c e d u r e s i s a l s o more 
t y p i c a l of c i r c u m s t a n c e s where r e p l a c e m e n t s t o n e i s r e a d i l y 
a v a i l a b l e . I n t e r e s t i n g l y , i t was e s t ima ted t h a t o n l y 10-16Z of s tone 
was procured from the q u a r r i e s on t he p l a t e a u dur ing t h i s phase, and 
t h a t t h e r e s t was o b t a i n e d from n e a r b y r i v e r g r a v e l s ( T a b l e 9 :21) . 
Consequently, i t i s suggested t h a t t he n a t u r e of stoneworking dur ing 
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Phase I I r e f l e c t s l e s s i n t e r e s t i n c o n s e r v i n g t h e s t o n e which had 
been procured. 
On t h e b a s i s of t h e s e i n f e r e n c e s i t i s s u g g e s t e d t h a t Phase I I 
knappers procured much of t h e i r s tone from the immediate a rea of the 
s i t e and did not conserve t h e i r s tone m a t e r i a l s , whereas i n Phase I I I 
t hey p r o c u r e d a g r e a t e r p r o p o r t i o n of t h e i r s t o n e from t h e p l a t e a u 
and d i d a t t e m p t t o r a t i o n t h e s t o n e . I f t h i s i s t h e c a s e t h e n t h e 
ch rono log ica l change i n a r t e f a c t s i z e r e s u l t e d from t e c h n o l o g i c a l 
changes which i n t u r n were responses to a l t e r a t i o n s i n raw m a t e r i a l 
procurement. 
Thus, a l t h o u g h t e c h n o l o g i c a l changes which l e d t o changes i n 
a r t e f a c t s i z e d i d occu r d u r i n g t h e t ime t h e c a v e was o c c u p i e d , t h e 
t e c h n o l o g i c a l changes a lone do not e x p l a i n the na tu r e and i n t e n s i t y 
of t h e s t o n e w o r k i n g which took p l a c e . R a t h e r , t h e t e c h n o l o g i c a l 
e v i d e n c e p o i n t s t o a v a r i e t y of s i m p l e f u n c t i o n a l c h a n g e s . I n 
p a r t i c u l a r , t hese conc lus ions imply than t h e r e was l e s s e x p l o i t a t i o n 
of resources on the p l a t e a u dur ing Phase I I than dur ing Phase I I I . 
9.5. HYPOTHESES 5 -7 : SIMPLE FUNCTIONAL CHANGE 
I t has been a rgued t h a t c h r o n o l o g i c a l changes a p p a r e n t i n t h e 
a r t e f a c t assemblages , p a r t i c u l a r l y d i s c a r d r a t e s , a r e not e n t i r e l y 
explained by changes i n the n a t u r e of t e c h n o l o g i c a l a c t i v i t i e s . Thus, 
i t i s l i k e l y t h a t v a r i a t i o n s i n d i s c a r d r a t e s r e s u l t from a s imple 
f u n c t i o n a l change i n t h e u s e of t h e c a v e . I n o t h e r w o r d s , t h e 
i n t e n s i t y of s i t e usage was h igher between 13,500 years BP and 17,600 
years BP than a t any l a t e r t ime. This p r o p o s i t i o n can be examined by 
c a l c u l a t i n g the frequency of a c t i v i t i e s o the r than stoneworking. F ive 
t y p e s of a c t i v i t i e s were chosen t o i n v e s t i g a t e s i m p l e f u n c t i o n a l 
change b e c a u s e t h e y r e f l e c t changes i n t h e amount or t y p e of s i t e 
u s a g e : t h e u s e of f i r e , t h e amount of t r a m p l i n g , t h e f r e q u e n c y of 
a r t e f a c t u s e and t h e amount of food d e b r i s p r e p a r e d and consumed. 
E x p l o i t a t i o n of the landscape i s r e f l e c t e d i n t he s tone and fauna l 
r e s o u r c e s b r o u g h t back t o t h e c a v e . Th i s s e c t i o n d e m o n s t r a t e s t h a t 
synchronous changes i n a l l a spec t s of cave use can be documented and 
concludes t h a t changes i n the i n t e n s i t y of s i t e usage d id occur. 
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This section also examines evidence relating to the cause of 
increased site usage during the period between 17,600 years BP and 
13,500 years BP. Three possible explanations have been offered: an 
increase in cave use (Hypothesis 5), an environmental stress 
resulting in people focusing their economy on the area surrounding 
the site (Hypothesis 6), and an increase in the regional population 
(Hypothesis 7). In Chapter 8 it was argued that by examining 
archaeological debris from the cave it is possible to distinguish 
which of these events caused the increase in artefact discard rates 
in square P46. If the increased quantity of debris in the site 
17,600-13,500 years BP resulted from a preference for caves as a 
location for activities, then the archaeological material in the site 
should indicate a similar pattern of resource use as in earlier and 
later times (Hypothesis 5). On the other hand, if the increased 
quantity of debris in the site 17,600-13,500 years BP resulted from 
logistical problems associated with intense aridity at that time, 
then the contents of the site should show a markedly different 
pattern of resource use than in earlier and later times (Hypothesis 
6). Hypothesis 7 is not addressed because it is argued that the 
archaeological changes are adequately explained by Hypothesis 6, the 
response of the Pleistocene humans to environmental stress. 
USE OF FIRE IN THE CAVE 
In Chapter 8 I noted that any attempt to equate artefact 
discard rates with intensity of site usage must be supported by 
synchronous trends in other aspects of human behaviour, such as 
discard of food remains, trampling of the cave floor or production of 
parietal art. One type of prehistoric activity which can be deduced 
from an analysis of chert artefacts is the lighting of fires on the 
cave floor. A number of studies have been conducted on the effects of 
heat upon rocks (eg. Faulkner 1972; Flenniken and Garrison 1975; 
Mandeville 1973; Mandeville and Flenniken 1974; Purdy 1974, 1975; 
Purdy and Brooks 1971). These researches have established the 
interpretive principles which identify products of heating. Potlids 
occur when stone is rapidly raised to high temperatures. Rapid 
heating to high temperatures causes differential expansion of the 
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rock and results in potlid fractures (Purdy 1975:135-136). Potlids 
can therefore be taken to indicate 'cooking' of the stone, probably 
when fires/hearths are placed on top of artefacts lying on the floor 
of the cave. At Colless Creek Cave this conclusion is reinforced by 
the absence of potlids on the scree-slope outside the cave. Stones on 
the scree slope were subject to occasional bushfires and exposed to 
direct sunlight and greater diurnal temperature variations than those 
inside the cave, but are not heat shattered. The presence of potlids 
in the cave means that intense heat was applied to some of the stones 
within the cave, and hearth fires are the only likely source of such 
heat. 
The number of chert potlids per 100 years was calculated for 
square P46 (Table 9:39). The trend over time is remarkably similar to 
that described for artefacts. One conclusion that might be drawn is 
that the use of fire in the rear of the shelter was far more intense 
between 13,500 and 17,000 years BP than at any later time. 
The increased number of potlids during this period might, 
however, be a function of the greater amount of stone material on 
the cave floor which was subjected to fire at that time. Assuming 
that this is the case, the ratio of potlids to artefacts will 
indicate the amount of burning. Additionally, variations in the 
number of potlids in each spit might be a function of the rate of 
sedimentation, because in situations of slow sedimentation rocks 
remained on the surface of the deposit longer and were subjected to 
more firing and might therefore shatter more often. Figure 9:9 
compares sedimentation rates (kg/lOOyears) with the relative 
frequency of heat shattering (number of potlids per 100 g of 
artefacts). Spits in Unit A fall into two groups. Spits 1-5 have 
relatively large numbers of potlids and extremely low sedimentation 
rates. Because spit 10 includes material from the lag between Units A 
and B, the calculated sedimentation rate does not accurately reflect 
the length of time some rocks lay on the surface. The higher 
frequency of potlids in spit 10 is probably related to the prolonged 
exposure of artefacts in the lag and hence this spit might more 
properly be placed closer to spits 3 and 5. In contrast, spits 6-9 
have lower numbers of potlids relative to weight of artefacts and 
much higher rates of sedimentation. The relationship between 
frequency of potlids and sedimentation rate is depicted as a solid 
line in Figure 9:9 for each of these two groups of spits. Because the 
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spits 6-9 have higher sedimentation rates for a given frequency of 
potlids they are interpreted as indicating greater intensity of 
prehistoric burning. This supports the inference based on the 
acciimulation rate of potlids. 
Excessive heating is also evident on artefacts in P46. Flakes 
subjected to excessive heat may contain negative potlid scars, 
crenated fractures, crazing or some combination of these features. 
Table 9:20 quantifies the occurrence of these characteristics and 
shows that they are much more frequent in the lower levels of Unit A 
than at higher or lower levels in the deposit. Thus, the artefactual 
evidence supports the potlid data in suggesting that hearth fires 
were most frequent between 13,500 and 17,000 years BP. 
TREADAGE RATES 
Some of the artefacts in Colle.js Creek Cave are broken. 
Transverse snapping of flakes will often occur when people stand on 
flakes lying on the ground. The rate of flake breakage should 
therefore be inversely related to the rate of sediment accumulation; 
when sediment accumulation is slow and artefacts remain for long 
periods on the ground the frequency of breakage should be high, but 
when sediment accumulation is rapid and artefacts are exposed for 
only a short time artefact breakage should be relatively infrequent. 
If the amount of treadage which occurs in the site per unit time is 
constant throughout the history of occupation, then an inverse 
relationship between the frequency of transversely broken flakes and 
the rate of sediment accumulation is expected. Deviation from this 
relationship may be explained by increases or decreases in the amount 
of walking which took place at a particular phase in the accumulation 
of the deposit. 
Figure 9:10 shows for square P46 the relationship between the 
number of transversely broken flakes per complete flake and the depth 
of sediment accumulated per 100 years. Not all the spits are 
positioned along a single line, but it is suggested that the line 
drawn in Figure 9:10 represents a similar amount of prehistoric 
treadage. This line is given by the equation B=«l/S13, where B is the 
number of broken flakes per complete flake and S is the rate of 
sediment accumulation. The majority of spits occur on, or very close 
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to this line and it is concluded that during the periods in which 
these spits (1, 2, 3, 4, 5, 9 and 10) built up there was 
approximately the same amount of walking carried out in the cave. 
In contrast, there are relatively high numbers of transversely 
broken flakes in spits 6/7 and 8. Even though sedimentation in these 
levels was very rapid flakes were frequently broken. This pattern 
probably results from much greater amounts of walking in the cave 
during the accvmiulation of spits 6/7 and 8, that is, between 13,500 
years BP and 15,000 years BP, than at any other period of occupation. 
CHANGES IN ARTEFACT USE 
Edge damage on artefacts often results from post-depositional 
processes (eg. Flenniken and Haggarty 1979; Gero 1978; Gifford-
Gonzalez et al 1985; Kamminga 1982; Keller 1979; McBryde 1985:242; 
Stevenson 1985; Tringham et al 1974; Wylie 1975). Table 9:40 gives 
data on the changing frequency of edge damage, and the trend which 
emerges is suggestive of variations in the amount of post-
depositional attrition. Edge damage is much more frequent in spits 6-
9 than in any other level, and since spits 6-8 were inferred to have 
the highest rates of trampling, the pattern of damage could reflect 
more treadage and scuffage. 
Aspects of the data presented in Table 9:40 do not, however, fit 
with the hypothesis that all edge damage occurred after the artefacts 
had been discarded. In the Phases II and III, complete flakes have 
markedly more damage than broken flakes. If damage resulted from 
attrition in the deposit it would be expected that edge damage would 
be most frequent on broken flakes because the mechanisms which break 
flakes would probably also damage their thin margins. This is not the 
case, and it is possible that many of the complete flakes were 
damaged before they were discarded, perhaps by use. If this is so, 
then the higher rate of edge damage in Phase II (spits 6-9) might 
indicate intensive stone using activities in the site at that time 
compared with earlier and later periods. No use-wear investigations 
were carried out on the material and because it is difficult to 
distinguish damage resulting from trampling and use, inferences about 
changes in the intensity of stone use are inconclusive. 
Nevertheless, the suggestion that stone use was most intense during 
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Phase II is supported by data on the frequency of retouched flakes in 
different levels of the deposit. 
On the assumption that retouching resharpened edges being used, 
the frequency of retouched flakes should provide a rough indication 
of the intensity of stone-using activities. Backed blades found in 
spits 2 and 3 were excluded from these calculations because they are 
technologically different to the other retouched flakes; they were 
made using bipolar techniques, and the retouched margin was not 
necessarily the working edge. The other retouched flakes were made by 
direct percussion and were much more variable in size, shape and the 
type of retouch scars. These artefacts were called "amorphously 
retouched" and are equivalent to Mulvaney's category of "scraper" 
(Mulvaney and Joyce 1965). Mulvaney identified chronological changes 
in retouching behaviour by examining only the amorphously retouched 
flakes, and this procedure is employed here. Table 9:41 lists the 
chronological changes in the number and weight of amorphously 
retouched flakes, and the ratio of unretouched flakes to amorphously 
retouched flakes. Two trends are apparent. Firstly, although the size 
of these retouched flakes is highly variable, on average the heaviest 
ones are in Phase III, while retouched flakes from Phases I and II 
have the same average weight. The second trend is the change in the 
proportion of flakes which are retouched. The frequency of retouching 
increased from Phase I to II and declined from Phase II to Phase III. 
Retouching was almost twice as common in Phase II as in Phase III. If 
the removal of flakes from retouched flakes is done to shape an edge 
for use or to resharpen a blunt edge, then the higher number of 
retouched flakes in Phase II may indicate relatively more intensive 
tool use at that time. Use-wear investigations which would be 
required to test this proposition were beyond the scope of this 
study. 
CHANGES IN RAW MATERIAL PROCURHIENT 
The analysis of stone raw material types presented here focuses 
on a division between local (found within 3 km of the cave) and 
non-local materials (found more than 3 km from the cave). Chert and 
limestone can be obtained locally. Greywackes, sandstones, quartzites 
and silcretes are not found close to the cave, and were collectively 
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labelled as non-local. The aim of this division was to determine 
chronological changes in the numbers of artefacts made from non-local 
rocks which were carried to the site. 
The vast majority of artefacts in P46 are made from local 
cherts. Nine spits contain non-local raw materials. Quartzite 
artefacts occur in spits 1, 2, 3, 11, 14, 15, and 22, quartz occurs 
in spit 14, and one greywacke flake was found in spit 4. In addition, 
a number of artefacts made on local dolomite were identified in spits 
3, 4, 5, 7, and 12. These patterns are quantified in Table 9:42 using 
the four samples dealt with in the technological analysis. Although 
there are no non-local rocks in the Middle Sample they regularly make 
up about IZ of the assemblages in the other levels. Chi-square tests 
reveal that there is a significant difference in the frequency of 
non-local stone material in spits 6-10 compared with higher and lower 
portions of the deposit (Tables 9:43 and 9:44). 
The recognition of non-local materials was difficult in Unit B, 
as all the artefacts were heavily patinated and had an off-white 
colour, thus eliminating colour as a useful guide. Patination and 
encrustations also tended to obscure any grains which might 
differentiate the rock from the local chert. Thus there may be more 
non-local materials in the Lower and Lag Samples (spits 11-23) of P46 
than have been identified. 
The rarity of non-local stone probably relates to the distance 
of the site from the sources of those materials. Quartzites and 
greywackes are only found more than 30 km to the north. The presence 
of these non-local resources in the deposit therefore reflects access 
to, and at least occasional exploitation of, a territory wider than 
merely the gorge and adjacent plateau. The P46 artefactual sequence 
can be divided into three phases, from the present until 13,500 years 
BP (spits 1-5), 13,500 to 17,600 years BP (spits 6-10), and before 
17,600 years BP (spits 11-23). Both the oldest and youngest of these 
phases contain non-local stone, but the middle phase contains only 
local materials. If this absence of 'exotics' between 13,500 years BP 
and 17,600 years BP is representative of the whole site it may 
indicate a reduction in the size of the territory exploited by groups 
using the cave. The conclusion already drawn from the chert 
artefacts is that cliff-top quarries of the plateau were less 
frequently used between 17,600 years BP and 13,500 years BP. The 
total absence of non-local stone during this period indicates that 
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the occupants of the shelter concentrated more heavily on the 
resources of the gorge at this time than at other times. Furthermore, 
exploitation of the plain to the north seems to have dramatically 
decreased, perhaps even ceased, during that period. These conclusions 
strongly support Hypothesis 6, environmental stress, as the 
explanation of changing cave usage. As shown below, support for this 
hypothesis is also available in the faunal remains from the site. 
CHANGES IN FAUNAL EXPLOITATION 
Faunal remains from the squares excavated in 1979 were analysed 
by Aplin (n.d.), who commented on the condition, origin and amount of 
material at each level. Although fragments of bone from Tasmanian 
Devil (Sarcophilus sp.) were found in square T39 Aplin (ND:6) found 
little evidence for carnivore activity in the assemblage and 
concluded that the material was largely or entirely anthropogenic. He 
attributed the high degree of fragmentation to burning of material 
lying on or below the surface of the floor. If this is the case, it 
could be expected that the trend in burnt bone might parallel the 
trend in potlidding. Table 9:45 gives for each spit of P46 the 
percentage by weight of burnt and calcined bones. There are higher 
amounts of both burnt and calcined bone in the lower levels of Unit 
A, particularly spits 6-7, in which it has already been concluded 
that the use of fire was most frequent. The bone assemblage from Unit 
B is highly degraded and so the amount of burning cannot be 
interpreted as a product of prehistoric human activity. 
The weight of bone and shell fragments per 100 years was 
calculated for each spit in Unit A of P46 and the results are 
presented in Table 9:46 (taken from data in Aplin n.d.). The rate of 
shell accumulation shows remarkable similarity to the rate of 
artefact discard, with much greater amounts deposited during the 
terminal Pleistocene (13,500-17,600 years BP) than subsequently. Bone 
debris, on the other hand, only increases significantly in spits 6-7. 
Table 9:47 shows that the increase in bone discard coincides with an 
increase in the proportion of fish remains, largely at the expense of 
mammal and turtle bones. 
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These chronological changes seem to reflect an overall decrease 
in the discard of faunal material in Phase III (spits 1-5) relative 
to Phase II (spits 6-9). Presumably these changes in the amount of 
faunal remains reflect changes in the amount of food prepared and 
consumed on site. It has already been claimed that the amount of 
artefact manufacture and discard, and trampling which occurred in the 
cave increased in Phase II. Thus there is broadly based evidence for 
increased activity in the cave between 13,500 years BP and 17,600 
years BP compared with later phases of occupation. 
The emphasis on fish which occurred in spits 6-7 and the 
generally greater numbers of freshwater mussel shells in spits 6-9 
probably reflect a greater exploitation of resources from the gorge, 
and in particular, from the creek. This trend is also evident in the 
use of river gravels as raw material during this period. Thus, both 
the faunal and artefactual debris indicate that the relatively high 
level of activity in the period 13,500-17,600 years BP was caused by 
a decrease of the territory size commonly exploited by the group 
inhabiting the area. It can be suggested that the increased use of 
fish results less from a change in dietary preference than the over-
exploitation of more easily acquired game such as turtle and 
macropods. 
It has already been pointed out that the chronological changes 
in bone and shell are not identical. Bone and shell both peak in spit 
6-7, but although spits 8 and 9 also have relatively high amounts of 
shell, the amounts of bone they contain are roughly the same as at 
later times. In view of the relatively rapid sedimentation in this 
period these differences could result from greater archaeological 
visibility of single events of a slightly different nature. It has 
already been argued that not all aspects of behaviour revealed in the 
site change synchronously over time and the non-coincidence in the 
vertical trends of shell and bone accumulation reinforces this view. 
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9.6 DISCUSSION 
There a re many changes i n the a r t e f a c t s r ecovered from C o l l e s s 
Creek Cave; changes occu r v e r t i c a l l y t h r o u g h t h e d e p o s i t and 
h o r i z o n t a l l y a c r o s s t h e c a v e f l o o r . I t was a r g u e d t h a t t h e most 
dramatic changes, those dwel t upon i n t h i s chap te r , occurred a t and 
immediately a f t e r the he igh t of the l a s t g l a c i a t i o n . Ana lys i s of the 
a r c h a e o l o g i c a l m a t e r i a l s from a number of p e r s p e c t i v e s l e a d s to the 
c o n c l u s i o n s t h a t a t t h a t p e r i o d t h e c a v e was more i n t e n s i v e l y 
o c c u p i e d , t h a t l o c a l r e s o u r c e u s e f o c u s e d on t h e g o r g e r a t h e r t h a n 
the surrounding p l a t e a u , and t h a t d i s t a n t r e sources were no longer 
t r a n s p o r t e d back t o t h e s i t e . Th is c o m b i n a t i o n of e v e n t s s u g g e s t s 
t h a t t h e p r e h i s t o r i c p e o p l e r e s p o n d e d t o d e c r e a s e d r e s o u r c e s and 
decreased resource r e l i a b i l i t y dur ing the g l a c i a t i o n by r e s t r i c t i n g 
t h e i r t e r r i t o r y . Thus, of the seven hypotheses framed i n t he p rev ious 
c h a p t e r , t h e one w h i c h m o s t c o m p r e h e n s i v e l y e x p l a i n s t h e 
a r c h a e o l o g i c a l p a t t e r n i s Hypothesis 6: an economic r e o r g a n i s a t i o n to 
cope wi th envi ronmenta l s t r e s s . In i t s e l f , however, t h i s conc lus ion 
i s not t o t a l l y s a t i s f a c t o r y . For example, i t does not de f ine the s i z e 
of the con t rac t ed t e r r i t o r y , nor make i t c l e a r whether t e r r i t o r i a l 
r e s t r i c t i o n was accompanied by inc reased sedentism. To examine these 
i s sue s i t was necessary to r ecove r da ta from o the r s i t e s which were 
occupied dur ing and a f t e r the he igh t of the l a s t g l a c i a t i o n . One s i t e 
wi th such a n t i q u i t y was e v e n t u a l l y found a t Louie Creek. As shown i n 
the fo l l owing chap te r , i t i s the a n a l y s i s of t h a t s i t e which r e f i n e s 
t h e u n d e r s t a n d i n g of l o n g t e rm i n t e r a c t i o n s be tween t h e p a s t 
i n h a b i t a n t s of Lawn H i l l and t h e i r environment . 
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CHRONOLOGICAL CHANGE AT LOUIE CREEK CAVE 
10 .1 THE SETTING 
Louie Creek Cave i s l o c a t e d i n t h e d o l o m i t e c l i f f s which 
p a r a l l e l Lou ie Creek , a t a p o i n t 400 m from t h e edge of t h e B a r k l y 
T a b l e l a n d . The c a v e i s on t h e s o u t h e r n s i d e of t h e gorge and t h e 
e n t r a n c e i s 15-18 m above t h e c r e e k , a t t h e t o p of a s t e e p s c r e e 
s l o p e and a t t h e b a s e of a 20 m h i g h c l i f f . Lou ie Creek f l o w s 
s o u t h w e s t t o n o r t h e a s t and i s j o i n e d e a s t of t h e c a v e by a s m a l l 
seasonal stream. 
The p l a t e a u above the cave c o n s i s t s of smooth r o l l i n g h i l l s wi th 
v e r y few s e a s o n a l w a t e r c o u r s e s . O u t c r o p p i n g rock i s m i n i m a l , and 
most of the ground i s covered by t h i n s k e l e t a l s o i l s mant led by a l a g 
of smal l che r t nodu les . No water i s a v a i l a b l e on the p l a t e a u dur ing 
the dry season, and water does not pond even a f t e r wet season r a i n . 
V e g e t a t i o n on t h e p l a t e a u above t h e c a v e i s T a y l o r s (1983) 
Community 1 t y p e , and c o m p r i s e s low v e r y open e u c a l y p t wood land . 
Ground c o v e r a v e r a g e s 70Z and c o n s i s t s m o s t l y of s p i n i f e x 
( T r i o d i a s p . ) . V a r i o u s e u c a l y p t s ( E . t e r m i n a l i s , E . g r a n d i f o l i a , 
E .p ru inosa ) o c c u r as w i d e l y s e p a r a t e d i n d i v i d u a l s and t h e r e a r e no 
major changes i n v e g e t a t i o n a t t h e edge of t h e g o r g e s . The o n l y 
t r a d i t i o n a l uses Taylor (1983) sugges ts for the p l a t e a u v e g e t a t i o n i s 
the u t i l i z a t i o n of wood and r e s i n for a r t e f a c t manufacture. 
The c h e r t - b e a r i n g do lomi te i n which the cave i s l o c a t e d i s p a r t 
of the Thorntonia Limestone. No outcrops of knappable che r t occur on 
the p l a t e a u , but Q Chert i s p l e n t i f u l i n the form of a d i scon t inuous 
l a g of c h e r t n o d u l e s up t o 3 cm i n s i z e . Thus , a l t h o u g h i t i s 
common, c h e r t does n o t o c c u r i n s i z e s s u i t a b l e f o r s t o n e w o r k i n g . 
There a r e no q u a r r i e s or k n a p p i n g f l o o r s and i t i s u n l i k e l y t h a t 
knappers could have procured u s e a b l e che r t from nearby po r t i ons of 
the p l a t e a u . 
The Cons t ance S a n d s t o n e c r o p s o u t as a s t e e p h i l l i m m e d i a t e l y 
eas t of the cave. Much of the h i l l i s bare rock, but a t sma l l breaks 
i n t h e s l o p e where sandy s e d i m e n t has a c c u m u l a t e d , t h e v e g e t a t i o n 
c o n s i s t s of t h e E u c a l y p t u s d i c h r o m o p h o l i a - E . a s p e r a a s s o c i a t i o n 
descr ibed by Taylor (1983) as Community V. S labs of rock s u i t a b l e for 
use as g r inds tones would have been r e a d i l y a v a i l a b l e i n t h i s a rea . 
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In most places Louie Creek Gorge is 50-70 m deep, and there is a 
pronounced contrast between plateau and gorge. Louie Creek flows in a 
stable and well defined course through a small flood plain 50-120 m 
wide. Water flow is permanent in most years. Springs occur in the 
middle of the creek and water gushes from the banks upstream from the 
site. After a series of rainless years in the early 1950's, Louie 
Creek stopped flowing (George Doherty, pers. comm. 1982), which 
probably indicates that the access of this creek to the aquifer under 
the Barkly Tableland is far more superficial than that of Lawn Hill 
or Colless Creeks. 
Along Louie Creek close to the cave there are several pools of 
water 1-1.5 m deep which would have provided freshwater, fish, 
turtle, shellfish, freshwater Crustacea and edible plants such as 
waterlily (Nymphaea violacea). The banks of Louie Creek are lined by 
Pandanus aquaticus, and the large trees Melaleuca sp. and Ficus sp. 
Closer to the cliffs there are patches of grasses such as Triodia sp. 
or Phragmites sp., and various vines and shrubs. The gorge supports a 
range of land animals suitable as food, such as lizards, kangaroos, 
bats and large birds (nankeen night heron, cormorant and jabiru). 
Large nodules of R Chert suitable for knapping occur in gravel 
beds along Louie Creek. The largest bed is located approximately 130 
m downstream from the cave. It is 30 m long and 18 m wide and 
contains large quantities of chert nodules 10 cm long or larger. 
Smaller chert-bearing gravel lags occur several hundred metres 
upstream from the cave, and nodules might also be available in the 
seasonal creek immediately east of the cave. 
10.2 THE CAVE AND ITS HISTORY 
CAVE MORPHOLOGY AND THE EXCAVATIONS 
Louie Creek Cave is formed by weathering at the interface 
between Precambrian sandstone and overlying Cambrian dolomite, and so 
the cave has a sandstone floor but a limestone roof. Most of the 
floor is covered by 2-4 cm of loose grey sandy silt except where 
water flow has revealed bedrock or a lag of gravel, or has produced 
flows tone. 
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The e n t r a n c e t o Louie Creek Cave i s a b o u t 40 m wide and 3-5 m 
h i g h . The c a v e e x t e n d s o v e r 34 m i n t o t h e c l i f f f a c e , and t h e f l o o r 
2 
area i n s i d e the cave i s roughly 1,400 m . Figure 10:1 shows t h a t the 
cave i s a r o u g h l y t r i a n g u l a r i n p l a n and f a l l s a l m o s t e x a c t l y 4 m 
from e a s t to west. Much of the en t rance i s blocked by l a r g e bou lde r s 
which h a v e f a l l e n from t h e roo f , and i t i s o n l y i n t h e ex t reme 
no r theas t and northwest t h a t access t o the cave i s easy. The sediment 
i n the cave probably accumulated a f t e r b l o c k f a l l i n the nor thwes tern 
en t r ance . 
The cave faces north and northwest but only the areas at the 
entrance ever receive sunlight. Inside the cave temperature is 
relatively constant, up to 9°C cooler than at the entrance during the 
day. 
A sparse scatter of artefacts covers the cave floor. There is 
also a scatter of artefacts on the scree slope outside the cave . In 
the northeastern entrance to the cave there is a large sandstone 
grindstone, approximately 45 cm x 25 cm x 25 cm. Further inside there 
is a slab of roof fall with two pits ground into the upper surface. A 
sandstone topstone, which has residues of ochre on the surface, was 
also found inside the cave. 
Six squares were excavated in 1981: BL26, BL27, BL30, BL31, 
BJ29, and AS33 (Figure 10:2). The first five squares were located in 
the northwestern entrance, at the lowest point in the cave, where it 
seemed that the deposit would be deepest. Squares BL26-27 and BL30-31 
effectively formed a trench running north-south from the outer 
dripline towards the western wall. A short distance to the east BJ29 
was excavated. In order to gain stratigraphic and artefactual data 
with which to compare data from squares at the front AS33 was placed 
12 m back in the cave where the deposit seemed to be relatively deep. 
STRATIGRAPHY 
All squares were excavated to bedrock and revealed that the 
depth of the deposit varied within the cave. The deposit was 35-60 cm 
deep at the northwestern entrance (BL26, BL27, BJ29), 26 cm deep 
towards the western wall (BL30 and BL31), and only 20 cm deep towards 
the rear square (AS33). This variation directly reflects the slope 
and topography of the bedrock floor. Most sediment has accumulated in 
the northwestern entrance because it is the lowest point in the cave. 
231 
Chapter 10 
Here the lowest point on the cave floor is near the lip of the cave 
mouth where roof-fall has created a sediment trap. Surrounding this 
low point is a broad 30-35 cm high shelf of rock. The present ground 
surface is roughly flat across the entire northwestern entrance, and 
consequently the depth of sediment on the shelf is 30-35 cm less than 
in the area below the shelf. This cave topography is seen clearly in 
Figure 10:3, which shows a north-south transect across the 
northwestern entrance. In this transect, the edge of the bedrock 
shelf is in square BL27. 
Deposits within the cave consist of gravel-sized fragments 
derived from roof-fall, or of finer sediments which originated from 
the plateau above and washed in through niomerous fissures in the cave 
roof. At the rear of the cave there are accumulations of guano 
situated under bat roosts. Sediment is retained in the cave, 
particularly in the western portion, by the build-up of roof-fall at 
the entrance. The sediment trap is formed by numerous boulders. Since 
in all five of the squares excavated in the northwestern entrance 
artefacts extended down to bedrock, it can be argued either that 
roof-fall occurred at or after the initial occupation of the cave, or 
that the rate at which sediment entered the cave prior to human 
occupation was so low that it was removed by fluvial scouring events 
at roughly the same rate (cf. Hughes 1977). The composition of layers 
could be expected to vary with changes in the rate of sediment input 
from the plateau relative to the rate of roof-fall, and with the rate 
of sediment scouring. 
The stratigraphy of the deposit varies in the squares excavated 
in the northwestern entrance and three of the squares (BL31, BL30, 
and BL26) contain distinct hearths. The stratigraphic sequence in 
those squares located on the broad shelf (B131, BL30) is less 
complete than those in the deeper part of the cave floor (BL27, BL26, 
and BJ29). One of these deeper squares, BJ29, was selected for 
detailed analysis. 
BJ29 was dug in thirteen spits, and six layers were defined 
during the excavation (Figure 10:4). The sediment became more compact 
and harder to dig with increasing depth. Organic material, including 
charcoal fragments, decreased with depth, and there was no charcoal 
in layers 4-6. PH values were neutral throughout the deposit, ranging 
from 7 to 7.5. A brief description of each of the layers in BJ29 is 
provided below. 
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Layer 1 
This layer consisted of a loose, brown, fine sediment found on 
the surface of all squares in the northwestern entrance. In BJ29 this 
layer was removed in spit 1. 
Layer 2 
This layer was a grey sediment rich in gravel 6-50 mm in size 
(15-30Z by weight). Charcoal fragments and ash were common throughout 
and towards the base of the unit the amount of visible charcoal 
increased. Removed in spits 2-5. 
Layer 3 
A layer consisting of grey sediment comparatively free of gravel 
6-50mm in size (<5Z by weight). This layer contained much less roof-
fall than layers 2 and 4. Removed in spit 6. 
Layer 4 
A cream-coloured sediment moderately r ich in gravel fragments 
6-50 mm in s i z e (15Z by weight) but wi th much l e s s f i n e r g r a v e l . No 
fragments of cha rcoa l were v i s i b l e dur ing excava t ion . Removed i n 
s p i t s 7-8. 
Layer 5 
A grey-cream sediment containing much less gravel 6-50 mm in 
size than layer 4 (7Z by weight), and with equal quantities of finer 
gravel 2-6 mm in size. Small, crumbly aggregations of poorly sorted 
quartz sand in a sparse silt and clay matrix occur throughout the 
layer. Because these lumps in BL27 contained artefacts it was 
initially thought that they resulted from post-depositional 
compaction. After a detailed examination, Philip Hughes (pers. comm. 
1986) suggested that these aggregations may have resulted from the 
baking of sediments by hearths. In general, sediment is noticeably 
more compact in layer 5 than above it. No fragments of charcoal 
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occur. Most objects were heavily encrusted with carbonate. Removed in 
spits 9-11. 
Layer 6 
This layer was a hard, compact, red-brown sediment trapped in a 
depression in the cave floor. Although there is little gravel (lOZ by 
weight in the 6-50 mm class), the frequency of yellowish crumbly 
aggregations is greater, and these commonly contain up to 30Z by 
weight of gravel. All cultural objects were heavily encrusted with 
carbonate. No charcoal occurs. Removed in spits 12-14. 
AGE OF THE DEPOSIT 
The deposit in BJ29 was dated by radiocarbon determinations on 
freshwater mussel shells. Dates were obtained from spits 5, 8, and 
12-14 (Table 10:1). Adequate quantities of shell were obtained from 
spits 5 and 8 but, because shell was very rare in the lower part of 
the deposit, spits 12-14 had to be combined to obtain an adequate 
sample for radiocarbon analysis. The resulting date from spits 12-14 
has a large standard deviation and represents the average age of the 
lowest three spits, and is roughly equivalent to a date from spit 13. 
These three dates give a consistent chronology, age increasing 
with depth, and allowed the construction of the depth/age curve shown 
in Figure 10:5. Extrapolations from this curve give the age ranges 
listed in Table 10:2. The upper spits tend to cover larger amounts of 
time and have slower sediment accumulation rates than the lower ones. 
The accuracy of these age ranges varies through the deposit, and is 
greatest towards the top where the standard deviation associated with 
the radiocarbon determinations is smallest. Complicating age/depth 
extrapolations is the suspicion that sedimentation rates between the 
dated samples were not always uniform. The relatively small 
proportion of roof fall 6-50 mm in size in layer 3 suggests that the 
sediment in spit 6 may have been deposited comparatively quickly, 
and/or resulted from a proportionately higher input of fine sediment. 
Such difficulties in estimating the age of individual spits are 
overcome by combining the spits into four groups: 1-5, 6-8, 9-11 and 
12-14 (see Table 10:2). When this is done the pattern of greater time 
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spans and slower sedimentation in the upper levels is even more 
pronounced. Rapid sedimentation occurred between approximately 14,500 
years BP and 18,000 years BP, the same period as it did at Colless 
Creek Cave. It can be suggested that both events reflect the 
increased erosion of the soil mantle on the plateau at the glacial 
maximum. 
10.3 CHANGES IN THE AMOUNT AND TYPES OF STONE ARTEFACTS IN BJ29 
ARTEFACT IDENTIFICATION 
Gravel and archaeological objects in spits 6-14 were encrusted 
with carbonate, and the features needed to identify the artefacts 
were obscured. To remove the encrustation all material from spits 5-
14 which was retained in the sieves was soaked in a solution of lOZ 
acetic acid for 24 hours, washed and air dried. This procedure was 
successful and permitted accurate identifications. Artefacts, bone, 
and shell were separated from the gravel, a process which took 240 
person hours. 
Identification of microdebitage followed procedures similar to 
those described in the previous chapter. Sediment samples weighing 50 
g were sieved through 2 mm and 1 mm mesh and the material from spits 
7-14 treated to remove encrustations. All residue collected from the 
1 mm sieve was examined under x30 magnification. Sediment samples 
were not collected from spit 6. 
Artefacts were identified by the same criteria employed at 
Colless Creek Cave. Objects were accepted as artefacts only if they 
had a ring crack, and/or a bulb of force, and/or remnants of flake 
scars. Artefacts were divided into four categories: flakes, retouched 
flakes, cores, or flaked pieces. 
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VERTICAL CHANGE IN ARTEFACT DENSITIES 
A total of 1413 artefacts over 2 mm is size was recovered from 
BJ29. Artefact densities vary considerably and the vertical trends 
which can be perceived depend on the method used to calculate density 
(Table 10:3), Expressed as the number of artefacts per kilogram of 
sediment, artefact density is greatest in spit 14. Expressed as the 
number of artefacts per cubic metre, the density decreases with 
depth. These differences arise from variations in the gravel content 
of sediments and inaccuracies in measuring the volume of the last few 
spits because of irregularities in the cave floor. Artefact density 
is best approximated using the first measure, the number of artefacts 
per unit weight of sediment, which suggests that densities are 
Slightly greater at the base of the deposit. 
TEMPORAL CHANGE IN THE DISCARD RATE OF ARTEFACTS 
In most periods during the occupation of the cave, artefact 
discard rates were relatively low, varying between three and seven 
artefacts per 100 years (Table 10:4). Discard rates were noticeably 
higher than this on three occasions (Table 10:4). First, there was a 
moderate increase over the last 1100 years (spit 1). Second, there 
was another moderate increase during the period 8350-9100 years BP, 
the brief period covered by spit 5. Third, there was a major increase 
in discard rates between 14,600 years BP and 17,250 years BP (spits 
9-11). 
These increases in discard rates suggest greater intensity of 
knapping activities. The early Holocene increase was sustained only 
for a short time and the calculated rate may be exaggerated by an 
hiatus in sedimentation. In contrast, the earlier increase in discard 
rate spans more than 2,500 years, the time span is bracketed by 
radiocarbon dates, and was so pronounced that it is observed as a 
major long-term trend even when the spits are combined into four 
groups. Furthermore, the earlier increase was a larger change; the 
discard rate in spits 9-11 was on average 50Z greater than that in 
spits 1 and 5. 
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M i c r o d e b i t a g e 1-2 mm i n s i z e was examined f o r 50g s a m p l e s f o r 
each s p i t i n BJ29. Sediment s a m p l e s were n o t c o l l e c t e d f o r s p i t 6, 
but Table 10:5 g ive s the r e s u l t s of the a n a l y s i s for the o the r s p i t s . 
The accumulat ion r a t e of microdebi tage was r e l a t i v e l y high i s s p i t s 1 
and 9-11. C h r o n o l o g i c a l changes i n t h e m i c r o d e b i t a g e a c c u m u l a t i o n 
r a t e c l o s e l y p a r a l l e l e d t h e major changes i n t h e d i s c a r d r a t e of 
a r t e f a c t s l a r g e r t h a n 2 mm. These d a t a i n d i c a t e t h a t v a r i a t i o n s i n 
d i s c a r d r a t e r e f l e c t t h e i n t e n s i t y of s t o n e w o r k i n g a c t i v i t i e s and 
t h a t i n the nor thwes te rn en t rance of the cave the g r e a t e s t i n t e n s i t y 
of these a c t i v i t i e s occurred between 14,600 and 17,250 years BP. 
TEMPORAL CHANGE IN ARTEFACT S IZE 
The s i z e of che r t a r t e f a c t s changed markedly through time (Table 
10 :6 ) . Ave rage w e i g h t s were g r e a t e s t i n s p i t s 7-9 , be tween 10,200 
years BP and 15,500 years BP, and were g e n e r a l l y g r e a t e r i n the upper 
p a r t s of the depos i t . Table 10:7, which l i s t s the average weights of 
c h e r t f l a k e s , shows t h e same t r e n d and d e m o n s t r a t e s t h a t i t c a n n o t 
r e s u l t from v a r i a t i o n s i n the p ropor t i ons of a r t e f a c t types . 
Q ( q u a r r y ) C h e r t was n o t i d e n t i f i e d i n t h e BJ29 a s s e m b l a g e b u t 
c o r t e x i n d i c a t i v e of R C h e r t was found on many of t h e a r t e f a c t s , 
suggest ing t h a t a l l che r t a r t e f a c t s were manufactured from cobbles 
obtained i n the g r a v e l beds a long Louie Creek. Changes i n f l a k e s i z e 
do not t h e r e f o r e r e s u l t s imply from a change i n t he p ropor t i ons of Q 
Chert and R Chert . Other t e c h n o l o g i c a l f a c t o r s a re l i k e l y t o e x p l a i n 
the temporal v a r i a t i o n s i n the s i z e of che r t a r t e f a c t s . 
Although l imes tone f l a k e s a r e r e l a t i v e l y in f requen t they occur 
i n a l l s p i t s , enab l ing c h r o n o l o g i c a l changes i n t h e i r average weight 
to be c a l c u l a t e d (Table 10:8). Average weights exceed 0.7 grams on ly 
i n f o u r s p i t s ( 7 - 9 and 1 3 ) , and t h e a v e r a g e w e i g h t i n each i s 
d r a m a t i c a l l y g r e a t e r than i n o the r s p i t s . Because t he sample from 
some of these s p i t s a r e ve ry s m a l l i t i s p o s s i b l e t h a t a s i n g l e l a r g e 
l i m e s t o n e f l a k e migh t c a u s e t h e s e s i z e c h a n g e s . To examine t h i s 
p o s s i b i l i t y the average weight of l imes tone f l a k e s was r e - c a l c u l a t e d 
a f t e r f l a k e s l a r g e r t h a n 1.5 grams were e x c l u d e d ( T a b l e 1 0 : 8 ) . 
Chronologica l changes i n l imes tone f l a k e s remain t he same when t h i s 
i s done , w i t h l a r g e r f l a k e s o c c u r r i n g be tween 10,200 y e a r s BP and 
15,500 y e a r s BP ( s p i t s 7-9) and be tween 18,200 y e a r s BP and 19,000 
y e a r s BP ( s p i t 13) . 
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Spits 7-9 have chert and limestone artefacts which are on 
average larger than those in higher and lower levels. It is possible 
that the larger average sizes resulted from the more complete 
representation of early stages of reduction. Coincidence of trends in 
the two materials suggests that the cause may not be a simple 
technological one because the fracture properties of the rock types 
are so dissimilar. Although the densities of microscopic flakes in 
these spits indicate that at least some of the artefacts were 
manufactured in the BJ29 area and that erosion has not removed small 
size classes, they does not preclude the additional dtmiping of large 
flakes which were manufactured elsewhere. 
TEMPORAL CHANGE IN ARTEFACT TYPES 
In the lower portions of the deposit, spits 9-14, flaked pieces 
are uncommon and there are no cores or retouched flakes (Table 10:9). 
Prior to 14,600 years BP the discarded artefacts consisted almost 
entirely of unretouched flakes. In levels more recent than 14,600 
years BP, cores and retouched flakes often occur in small numbers and 
flaked pieces are more frequent (Table 10:9). The nature of this 
change, which broadly agrees with the change in average flake size, 
suggests that it resulted from technological differences. Either a 
greater range of stoneworking activities were carried out after 
14,600 years BP or artefacts which had previously been discarded 
elsewhere were now discarded in the northwestern entrance. Higher 
proportions of flaked pieces in the upper levels indicate that the 
first suggestion is more likely. 
Chronological changes in the types of retouched flakes are shown 
in Table 10:10. Although retouched flakes were deposited in BJ29 
after 14,600 years BP, it was only in the last 4,000 years that a 
range of specific forms occurred. This pattern may indicate that the 
production of bifacial points, backed blades and tulas is largely a 
mid-Holocene phenomenon, or that the uselife of those forms decreased 
in recent millennia, resulting in them being discarded more 
frequently. The pattern also suggests that vertical movement of 
artefacts in the deposit was minimal, a suggestion that is reinforced 
by the fact that metal artefacts were found only in spit 1. 
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SIMPLE FUNCTIONAL CHANGE 
The f o u r a s p e c t s of b e h a v i o u r s t u d i e d a t C o l l e s s Creek Cave t o 
i n v e s t i g a t e s i m p l e f u n c t i o n a l change were a l s o s t u d i e d a t Lou ie Creek 
C a v e . C h a n g e s i n t h e i n t e n s i t y of p r e h i s t o r i c a c t i v i t y s h o u l d be 
r e f l e c t e d i n damage t o a r t e f a c t s by h e a r t h f i r e s and t r a m p l i n g , and 
i n t h e q u a n t i t i e s of food d e b r i s d i s c a r d e d . V a r i a t i o n s i n how w i d e l y 
p e o p l e r anged i n t h e l a n d s c a p e s h o u l d be r e f l e c t e d i n t h e d i v e r s i t y 
of s t o n e m a t e r i a l s d i s c a r d e d i n t h e s i t e a t d i f f e r e n t t i m e s . 
USE OF FIRE IN THE CAVE 
C h r o n o l o g i c a l changes i n t h e u s e of f i r e i n BJ29 were a s s e s s e d 
by e x a m i n i n g h e a t s h a t t e r e d f r a g m e n t s of c h e r t . P o t l i d s w e r e n o t 
common e n o u g h t o d u p l i c a t e t h e c a l c u l a t i o n s p e r f o r m e d a t C o l l e s s 
Creek Cave , b u t t h e r e were o t h e r forms of h e a t s h a t t e r i n g . P o t l i d s , 
p i e c e s of r o c k c o v e r e d by n e g a t i v e p o t l i d s c a r s , and p i e c e s of r o c k 
w i t h c r e n a t e d f r a c t u r e s were c o u n t e d i n e a c h s p i t . These f r a g m e n t s of 
s t o n e r e s u l t from c o n t a c t w i t h e x c e s s h e a t such a s i n h e a r t h s (Purdy 
1 9 7 5 ) . T a b l e 1 0 : 1 1 g i v e s t h e a c c u m u l a t i o n r a t e s of h e a t - s h a t t e r e d 
c h e r t f r a g m e n t s f o r e a c h s p i t i n B J 2 9 . I n m o s t s p i t s t h e r a t e i s 
between 1.0/ lOOyrs and 3 .0 / lOOyrs . H ighe r a c c u m u l a t i o n r a t e s o c c u r i n 
s p i t s 1 and 5 , and i n s p i t s 9 - 1 1 . T h i s i n d i c a t e s b r i e f i n c r e a s e s i n 
h e a r t h f i r e s i n t h i s p o r t i o n of t h e c a v e d u r i n g t h e l a s t 1100 y e a r s 
and b e t w e e n 8350 y e a r s BP a n d 9100 y e a r s BP. A m o r e s u s t a i n e d 
i n c r e a s e i n h e a r t h f i r e s o c c u r r e d be tween 14 ,600 y e a r s BP and 17,250 
y e a r s BP ( s p i t s 9 - 1 1 ) . T h e s e c h r o n o l o g i c a l c h a n g e s i n t h e 
a c c u m u l a t i o n r a t e of h e a t s h a t t e r e d f r a g m e n t s a r e e x t r e m e l y s i m i l a r 
t o t h e t r e n d s i d e n t i f i e d i n a r t e f a c t d i s c a r d r a t e s . 
As d i s c u s s e d i n t h e l a s t c h a p t e r , f o r any amount of e x c e s s h e a t , 
t h e q u a n t i t y of h e a t s h a t t e r e d f r a g m e n t s w i l l be p r o p o r t i o n a l t o t h e 
amount of s t o n e e x p o s e d t o t h e h e a t . The a p p r o p r i a t e m e a s u r e of t h e 
amount of s h a t t e r i n g i s t h e r e f o r e t h e r a t i o of h e a t s h a t t e r e d t o 
o t h e r s t o n e s . The m e a s u r e e m p l o y e d h e r e was t h e n u m b e r of h e a t 
s h a t t e r e d c h e r t f r a g m e n t s p e r u n s h a t t e r e d c h e r t f r a g m e n t . I t was a l s o 
p o i n t e d o u t i n t h e a n a l y s i s of C o l l e s s Creek Cave t h a t t h e e f f e c t s of 
h e a r t h f i r e s d e p e n d on t h e r a t e o f s e d i m e n t a t i o n , w i t h h e a t 
s h a t t e r i n g b e i n g g r e a t e s t i n s i t u a t i o n s w i t h s l o w s e d i m e n t 
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accumulation. In Figure 10:6 sedimentation rates are compared with 
the relative frequency of heat shattering. Spits 9-11 have high 
frequencies of heat shattered fragments despite also having 
relatively high rates of sedimentation which would have reduced the 
impact of fires. These data suggest that in the northwestern entrance 
of the cave the use of fires was most intense between 14600 years BP 
and 17250 years BP. This conclusion is consistent with the 
interpretation that the sandstone-like aggregations of sediment in 
layers 5 and 6 are products of heating from hearths. 
TREADAGE RATES 
Transverse snapping of flakes should provide a relative measure 
of treadage rates at Louie Creek Cave, as it did at Colless Creek 
Cave. Flake raw material and size, sedimentary context and rate of 
sediment accumulation are approximately the same at the two sites, 
and it can therefore be suggested that the measurement of trampling 
which worked at one site might equally work at the other. 
All unretouched flakes larger than 6 mm were examined and the 
number of transversely broken flakes per complete flake calculated 
for each spit. In Figure 10:7 these data are plotted against the 
sedimentation rate. Several spits lay on or close to the line defined 
by the equation B=1/20S, where B is the number of transversely broken 
flakes per complete flake, and S is the rate of sedimentation 
expressed as centimetres per 100 years. Spits 1,2, 3, 5, 6, 7, 8, 12, 
13 and 14 are located on or below this line. These spits contain 
relationships between transverse breakage and sedimentation rate 
which reflect low amounts of prehistoric treadage. 
In contrast, spits 9, 10, and 11 are distinctly above the 
B=l/S20 line, indicating much higher transverse breakage for any 
given sedimentation rate. This suggests that the amount of 
prehistoric treadage was distinctly greater in the period covered by 
these spits, from 14,600 years BP to 17,250 years BP, than at earlier 
or later times. 
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CHANGES IN RAW MATERIAL PROCUREMENT 
Chronological changes in the proportion of imported stone in 
Louie Creek Cave reflect the changing exploitation of the study area 
by cave occupants. The division of stone materials into local and 
non-local which proved useful at Colless Creek Cave is equally 
applicable at Louie Creek, although the rock types in each class are 
different. Chert, limestone and sandstones can be obtained within 
three kilometres and are termed local. Greywackes, quartzites and 
silcretes are found only at much greater distances and are labelled 
as non-local. 
Most artefacts in BJ29 are made from local cherts. Table 10:12 
shows that the proportion of discarded chert artefacts changes 
noticeably through time. The major trend is for the frequency of 
chert in assemblages to increase through time, peaking between 13,100 
years BP and 16,650 years BP (spits 8-10), and then decrease until 
the present. This pattern results primarily from variations in the 
selection of local materials. Prior to 17,250 years BP and since 
9,100 years BP the knappers consistently used moderate quantities of 
limestone in addition to chert cobbles. Between 17,250 years BP and 
9,100 years BP, and particularly between 13,100 and 16,650 BP, 
knappers concentrated on chert and rarely used limestone. 
Superimposed upon these changes in the use of local rocks are 
changes in the use of rocks obtained from the northern part of the 
study area. Flakes made on non-local stone, in most cases greywacke, 
occur in small numbers in over half of the spits in BJ29 (Table 
10:12). The small quantities of greywacke artefacts are consistent 
with the large distance to greywacke quarries. Despite this distance, 
non-local flakes consistently form 1.5-3.0Z of artefacts discarded 
prior to 17,250 years BP or since 14,600 years BP. Between these 
dates, however, not one non-local artefact occurs in the large 
assemblage. These differences are statistically significant (Tables 
10:13 and 10:14), and suggest that either the exploitation of stone 
resources on the plains to the north declined or ceased between 
17,250 years BP and 14,600 years BP or that during this period 
artefacts from those sources were retained for long periods and 
rarely discarded. The former explanation is most likely because not 
even small resharpening flakes were deposited. 
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CHANGES IN FAUNAL EXPLOITATION 
Faunal remains from BJ29 were examined for variations in their 
condition which might indicate the effects of taphonomic mechanisms. 
Like the debris from Colless Creek Cave, this material appears to be 
anthropogenic. Fragmentation of the bone can be attributed primarily 
to burning of material lying on or below the surface of the cave 
floor. Frequent burning makes it possible to measure the degradation 
which has occurred to the faunal assemblage. Table 10:15 gives the 
percentage of burnt and calcined bone in each spit. The proportion of 
burnt and calcined bone in the assemblage increases with depth, a 
trend best explained as a reflection of the poor preservation of 
unburnt bone. Greater quantities of bone relative to shell in the 
lower levels is also indicative of the greater hardiness of burnt 
bone (Table 10:15). 
The weight of bone and shell fragments per 100 years was 
calculated for each spit in BJ29 (Table 10:16). Accvmiulation rates of 
both shell and bone show parallel trends: an increase from 
approximately 17,200 years ago, and then a decrease 2,500 years 
later. Since 14,600 years BP, discard rates have fluctuated, but in 
all spits they remained lower than previously, and were on average 
less than one-third of those which occurred between 17,250 and 14,600 
years BP. These trends in faunal accumulation rates are very similar 
to the discard rates of artefacts in the square, with greater amounts 
being deposited during the last glacial maximum. Given the decay of 
faunal material in the lower portions of the deposit it is likely 
that the differences in the quantity of bone and shell between the 
earlier and later portions of the deposit are under-estimated. 
Greater quantities of faunal remains were discarded in BJ29 
between 17,250 and 14,600 years BP than in earlier or later periods. 
Assuming that the material in this square is representative of 
activities in the cave in general, it can be argued that these 
changes in the amount of faunal remains reflect changes in the amount 
of food preparation and consumption activities. The likelihood of 
this scenario is reinforced by the parallel changes in artefact 
discard, burning, and treadage. Thus, the pattern which was perceived 
at Colless Creek Cave is repeated here, namely that an increase in 
the intensity of a range of activities occurred from about 17,000 
years ago, but that this decreased several thousand years later. 
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A SUMMARY : PREHISTORY AT LAWN HILL 
In this chapter many of the inferences presented above are 
synthesised to form a model of the prehistoric human occupation of 
the Lawn Hill area. This reconstruction is presented in four time 
blocks, based on major palaeoenvironmental and archaeological 
changes. The purpose of such a reconstruction is two-fold. Firstly, 
it provides an outline of the current knowledge on this subject and 
pinpoints those issues which are most in need of further research. 
Secondly, the reconstruction acts as a summary of the inferred human 
occupation at Lawn Hill, against which the inferences about human 
prehistory in other areas can be compared. This chapter therefore 
concludes the examination of Lawn Hill archaeology, and acts as the 
departure point for discussion of the broader implications of these 
data. 
11.1 ANTIQUITY OF OCCUPATION 
Colless Creek Cave contains the oldest archaeological material 
recovered from the study area- At the rear of the cave, the base of 
Unit A is securely dated to 17,000 years BP. Artefacts were found 
throughout Unit B to a depth of 70 cm below that date. Little organic 
material was preserved at this depth and so the antiquity of the 
lower levels could not be determined by radiocarbon methods. 
Nevertheless, it is possible to roughly estimate the age of artefacts 
in Unit B by extrapolating the age/depth curve established for Unit A 
(Figure 11:1). Estimate 'A' simply extends the age/depth curve at the 
base of Unit A and implies that artefacts recovered in the lower 
levels of Q46 might be 40,000 years old. Stratigraphic evidence for a 
depositional hiatus between Units A and B means that estimate 'A' is 
inappropriate, and consequently other curves are drawn in Figure 
11:1. Extrapolation 'B' is based on an hypothetical 10,000 year 
hiatus between the units and a rate of sedimentation as high as any 
in Unit A. Using this calculation the age estimate for artefacts in 
Unit B is 36,500 years BP. Extrapolation 'C is similar to 'B' except 
that the inferred hiatus is only 5,000 years long. This third 
estimate gives a date of 32,000 years BP for artefacts in the lower 
spits of Q46. 
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Other estimates of the antiquity of initial occupation at 
Colless Creek Cave could be made using different lengths of time for 
the hiatus and different rates of sedimentation, but all reasonable 
estimates will be 30,000-40,000 years BP. Sedimentation rates are 
unlikely to be more rapid than those used in estimates 'B' and 'C* 
given the generally uniform and moderately high artefact densities 
which occur throughout Unit B, the similarity of the sediment source 
to that in Unit A, and the gradual increase in artefact weathering 
which occurs through Unit B. 
Analyses of sediments in Colless Creek Cave have provided an 
independent indication of the antiquity of occupation. Magee and 
Hughes (1982) concluded that the origin of the sedimentary matrix of 
both Units A and B is substantially the same, and that the 
differences between them largely result from prolonged _in. situ 
weathering of Unit B sediments. As the base of Unit A is 17,000 years 
old, the sediments in Unit B must be considerably older. Thus, the 
much greater degree of weathering evident in both artefacts and 
sediments of Unit B compared with Unit A indicates that an estimate 
of 30,000-40,000 years BP for initial occupation is not excessive. 
Estimates of 30-40,000 years BP for occupation of the cave are 
likely to be a minimum. Fourteen artefacts were found in the lowest 
spit excavated at the rear of the cave and it is likely that 
artefacts exist at greater depths. This issue can be addressed 
further by the application of dating methods, such as 
thermoluminesence, which do not require organic residues. 
11.2 OCCUPATION FROM 40,000-18,000 YEARS BP 
Human habitation at Lawn Hill during this period is represented 
only at Colless Creek and Louie Creek Caves. Little faunal material 
is preserved and stone artefacts are heavily weathered. Artefacts 
discarded in the two caves during this time were generally smaller 
than those in more recent levels. Most of the artefacts are small, 
short flakes with relatively wide, thick conchoidal platforms. This 
debris probably resulted from the manufacture and/or resharpening of 
small retouched flakes, from which small flakes were removed from the 
dorsal face by blows to the ventral surface. These retouched flakes 
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were d i scarded i n f r e q u e n t l y , perhaps i n d i c a t i n g t h a t they had a long 
u s e l i f e and were e x t e n s i v e l y maintained and t r a n s p o r t e d . 
On t h e e v i d e n c e from t h e s e two s i t e s , t h e s t r u c t u r e of t h e 
economy and t h e t e r r i t o r y e x p l o i t e d a r e p o o r l y d e f i n e d , b u t i t i s 
c l e a r t h a t resources from both the gorge and the p l a i n were obta ined , 
p r o c e s s e d and t r a n s p o r t e d t o t h e c a v e s . Greywacke and q u a r t z i t e 
f l a k e s from t h e n o r t h of t h e s t u d y a r e a make up a p p r o x i m a t e l y 0.5-
1.5Z of the assemblages a t both Louie Creek and C o l l e s s Creek Caves. 
E x p l o i t a t i o n of resources t h r o u g h o u t t h e s t u d y a r e a i n d i c a t e s t h a t 
even i n t h i s p e r i o d t h e r e was c o n s i d e r a b l e a d j u s t m e n t t o and 
f a m i l i a r i t y wi th the landscape . Furthermore, i t suggests t h a t s i t e s 
would h a v e e x i s t e d i n a wide r a n g e of l o c a l i t i e s a l t h o u g h o n l y 
m a t e r i a l s p rese rved i n caves have been recovered . 
The a r t e f a c t d i s c a r d r a t e i n t h e b a s a l l e v e l s of Louie Creek 
Cave, which da te from about 20,000 to 18,000 years BP, was d i s t i n c t l y 
higher than i n Holocene and t e rmina l P l e i s t o c e n e l e v e l s . Because a 
b a s a l d a t e was n o t o b t a i n e d , i t i s p o s s i b l e t h a t t h e s e i n f e r r e d 
d i s c a r d r a t e s a r e m i s t a k e n l y h i g h . At C o l l e s s Creek Cave t h e 
es t imates of a r t e f a c t d i s c a r d r a t e (Table 11:1) va ry between 1/lOOyrs 
and 2/lOOyrs, which i s d i s t i n c t l y lower than the f i gu re of 9.2/lOOyrs 
i n f e r r e d f o r t h e l a s t 13 ,625 y e a r s . Hence, t h e r e i s no c o n s i s t e n t 
i n d i c a t i o n of r e g i o n a l d i s c a r d r a t e s , or by i m p l i c a t i o n p o p u l a t i o n 
l e v e l s , i n t h i s per iod . 
1.3 OCCUPATION FRCM 18.000-14.000 YEARS BP 
Evidence from C o l l e s s Creek and Louie Creek Caves i n d i c a t e s t h a t 
a t t h e h e i g h t of t h e l a s t g l a c i a l p e r i o d , when c o n d i t i o n s were 
p a r t i c u l a r l y a r i d , humans f o c u s e d on t h e go rge t o a g r e a t e r d e g r e e 
t h a n b e f o r e or s i n c e . A c o n c e n t r a t i o n on r e s o u r c e s i n t h e go rge i s 
r e f l e c t e d i n h i g h e r d i s c a r d r a t e s of a r t e f a c t s and food d e b r i s , a 
g r e a t e r d i e t a r y emphasis on r i v e r - d w e l l i n g an imals , the g r e a t e r use 
of c h e r t s from r i v e r g r a v e l s r a t h e r t h a n from t h e p l a t e a u , more 
e x t e n s i v e u s e of f i r e s , and f r e q u e n t w a l k i n g on t h e c a v e f l o o r . 
Increased use of the gorges was a p p a r e n t l y accompanied by decreased 
u s e of t h e r e s o u r c e s of t h e p l a i n s t o t h e n o r t h , r e f l e c t e d i n t h e 
lack of n o n - l o c a l s tone m a t e r i a l s . 
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S e v e r a l c h a r a c t e r i s t i c s of t h e human g roups e x p l o i t i n g t h e 
r e g i o n can be i n f e r r e d from t h e i r r e s p o n s e t o i n c r e a s e d a r i d i t y of 
the landscape . While the economic focus of t he occupants of t he caves 
was c e r t a i n l y on the resources of the s treams and a s s o c i a t e d g a l l e r y 
f o r e s t , these a lone would have been i n s u f f i c i e n t to ensure the long 
t e rm s u r v i v a l of t h e l o c a l p o p u l a t i o n and t h e r e must h a v e been a 
c o n s i d e r a b l e a d j u s t m e n t by t h e s e p e o p l e t o t h e a r i d l a n d s c a p e i n 
which they l i v e d . Despi te t h i s adjustment t he peop le were no longer 
a b l e t o e x p l o i t some p o r t i o n s of t h e l a n d s c a p e a s t h e y had 
p r e v i o u s l y , p e r h a p s b e c a u s e t h e i n c r e a s e d a r i d i t y b r o u g h t w i t h i t 
g r e a t e r r i s k a n d / o r fewer r e t u r n s i n t h o s e a r e a s . One r e s p o n s e t o 
these new circumstances was an avoidance of t hose r i s k y environments 
and a c o n s e q u e n t c o n s t r i c t i o n of t e r r i t o r y . I n o t h e r r e g i o n s , 
p a r t i c u l a r l y t h o s e n o t endowed w i t h o a s e s of t h e k i n d found i n t h e 
Lawn H i l l gorges , t h i s op t ion might not have been v i a b l e and, i n the 
absence of some o ther a d a p t a t i o n , might have been abandoned. 
Concentra t ion on gorge re sources t o t he e x c l u s i o n of o t h e r s i s a 
s t r a t e g y which i m p l i e s two f u r t h e r p o i n t s . F i r s t , t h i s p a r t i c u l a r 
r e s p o n s e i s d i r e c t l y t h e o p p o s i t e of t h a t o b s e r v e d i n t h e Wes t e rn 
D e s e r t by Gould (1980) , who a r g u e d t h a t e x t e n s i v e and e l a b o r a t e 
s o c i a l n e t w o r k s were a s i g n i f i c a n t e l e m e n t i n h u n t e r - g a t h e r e r 
a d a p t a t i o n ( s e e a l s o Gamble 1982; Yengoyan 1975 , 1976) . I f such 
ne tworks had e x i s t e d a t Lawn H i l l p r i o r t o 20 ,000 y e a r s BP t h e 
o c c u p a n t s migh t h a v e i n c o r p o r a t e d them i n t o t h e i r s e t t l e m e n t 
s t r a t e g i e s and ad jus ted t o d e s e r t cond i t i ons by being h i g h l y mobi le , 
c o v e r i n g l a r g e t e r r i t o r i e s and by p r o c u r i n g s t o n e from l o n g 
d i s t a n c e s . That t h i s d i d n o t o c c u r p o s s i b l y i n d i c a t e s t h a t s o c i a l 
networks were poo r ly deve loped . 
S e c o n d l y , i f a r e s i d e n t p o p u l a t i o n was b a s e d i n t h e go rge f o r 
t h e d u r a t i o n of t h e g l a c i a l a r i d p e r i o d , t h e n t h e p o p u l a t i o n must 
h a v e been s m a l l . There a r e o n l y 17.5 km of g o r g e w i t h i n t h e s t u d y 
area and i t seems u n l i k e l y t h a t a p o p u l a t i o n l a r g e r than about 20-30 
people could have been supported by l o c a l r e s o u r c e s , even i f they did 
e x p l o i t p o r t i o n s of the ad jacen t p l a t e a u or p l a i n . A s m a l l p o p u l a t i o n 
would a l s o h e l p t o a c c o u n t f o r t h e low l e v e l of i n t e r - g r o u p 
connect ions which has been hypo thes i sed . 
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These p ropos i t i ons do not imply t h a t the occupants of the gorges 
were g e n e t i c a l l y or c u l t u r a l l y i s o l a t e d . No permanent envi ronmenta l 
b a r r i e r s would h a v e p r e v e n t e d movement t o and from t h e g o r g e s , 
a l though the l i k e l y f a i l u r e of Lawn H i l l Creek to f low in most years 
and the decreased r e l i a b i l i t y of seasona l r a i n f a l l dur ing the a r i d 
p e r i o d may h a v e meant t h a t l o n g d i s t a n c e t r a v e l was r i s k y . Thus, 
w h i l e t h e humans e x p l o i t i n g t h e g o r g e s may h a v e had c o n t a c t s w i t h 
neighbouring groups i t i s hypothes ised t h a t the frequency, du ra t i on 
and na tu re of the con tac t s were i n s u f f i c i e n t to e s t a b l i s h or main ta in 
ex t ens ive and e l a b o r a t e systems of k in sh ip t i e s . In any case , i f the 
l a n d s c a p e t o t h e s o u t h and wes t of t h e Lawn H i l l go rge sys tem was 
unoccup ied or o n l y i n t e r m i t t e n t l y o c c u p i e d , t h e n t h e r e migh t h a v e 
been o n l y a s m a l l number of n e i g h b o u r i n g g roups w i t h which t o 
e s t a b l i s h s o c i a l r e l a t i o n s . 
The a l t e r n a t i v e to t h i s scenar io i s to hypo thes i se t h a t i n t h i s 
period the s t r a t e g y of s e t t l e m e n t cont inued i n a form s i m i l a r to t h a t 
which e x i s t e d i n t h e r e g i o n b e f o r e 20,000 y e a r s BP. Th i s would 
r equ i re some mechanism which o b s c u r e d a r c h a e o l o g i c a l e v i d e n c e f o r 
e x p l o i t a t i o n of the p l a i n s to the no r th . A r e - s c h e d u l i n g of movements 
might h a v e a l t e r e d a c c e s s t o s t o n e o u t c r o p s i n t h e n o r t h and 
consequent ly the morphology of a r t e f a c t s d i sca rded i n C o l l e s s Creek 
and Louie Creek Caves, but i t would h a r d l y have stopped greywacke and 
q u a r t z i t e stoneworking or the t r a n s p o r t a t i o n of a r t e f a c t s made from 
t h o s e m a t e r i a l s t o t h e c a v e s . A change i n t h e u s e l i f e of greywacke 
t o o l s or a r e p l a c e m e n t of s t o n e by o r g a n i c t o o l s migh t a c c o u n t f o r 
the absence of greywacke and q u a r t z i t e a r t e f a c t s wi thout implying a 
t e r r i t o r i a l c o n s t r i c t i o n . Such p r o p o s i t i o n s a r e , however , n o t 
i n d i c a t e d by t h e c h e r t a r t e f a c t s , no r do t h e y a c c o u n t f o r t h e 
a l t e r a t i o n i n the na tu r e and i n t e n s i t y of l o c a l r esource use apparent 
i n the caves . 
Midway t h r o u g h t h i s p e r i o d t h e r e was a marked i n c r e a s e i n 
a r t e f a c t s i z e . The g r e a t e s t change a t C o l l e s s Creek Cave o c c u r s 
between s p i t s 10 and 9, d a t e d t o a b o u t 15,900 y e a r s BP. At Louie 
Creek, a major i n c r e a s e i n t h e s i z e of c h e r t f l a k e s o c c u r s be tween 
s p i t s 10 and 9, d a t e d t o 15,500 y e a r s BP. I n b o t h s i t e s r e l a t i v e l y 
l a r g e che r t f l a k e s were d i sca rded for about t he next 3,000 yea r s . At 
C o l l e s s Creek Cave i t was determined t h a t t he l a r g e s i z e of a r t e f a c t s 
was p r i m a r i l y a r e s u l t of t e c h n o l o g i c a l changes i n which d e b r i s from 
i n i t i a l r e d u c t i o n was more f r e q u e n t i n t h e a s s e m b l a g e . These 
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technological changes probably reflect increased use of R Chert, and 
result from greater concentration on resources found in the gorge. 
11.4 OCCUPATION FRCM 14.000-5.000 YEARS BP 
As in earlier periods human occupation of the Lawn Hill region 
is definitely represented only at Louie Creek Cave and Colless Creek 
Cave, but some undated open sites may also contain material from this 
time. In particular, the greywacke quarries at Page Creek have many 
highly weathered artefacts, some of which might be at least early 
Holocene in age. Greywacke flakes in Louie and Colless Creek Caves 
indicate that greywacke was being obtained in the terminal 
Pleistocene and early Holocene periods. It is therefore likely that 
the major outcrop of this material within the study area. Page Creek 
Quarry 1, was used at this time. As greywacke dated to 14,000 years 
BP at Louie Creek Cave is unweathered, the patination of artefacts at 
Page Creek Quarry 1 probably results from local micro-environmental 
conditions and cannot be used as evidence for the great antiquity of 
such open sites. 
Re-introduction of stone materials from the plains into the 
gorge system in this period is probably indicative of the renewed 
exploitation of all portions of the study area. The increased use of 
chert from the quarries on the plateau above Colless Creek Cave 
supports this inference. Accompanying this expansion of territory was 
a decrease in the use of the gorge area, reflected in Colless and 
Louie Creek Caves by decreases in the discard rate of artefacts and 
faunal remains, and in the intensity of treadage and fire use. At 
Colless Creek Cave this inference is reinforced by the finding that 
there is a decrease in the proportion of faunal remains which come 
from animals, such as fish, which are found in the permanent water at 
the base of the gorges. Large artefacts continued to be discarded at 
Louie Creek Cave and Colless Creek Cave during the terminal 
Pleistocene. 
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11.5 OCCUPATION FROM 5.000 YEARS BP TO EUROPEAN CONTACT 
Occupation in this period is represented by 62 sites and 
virtually all of the background scatter of artefacts which was 
recorded. Some aspects of prehistoric behaviour have been defined in 
great detail as a result of this abundance of evidence. In particular 
it is only in this most recent phase of occupation that the structure 
of settlement and the system of stone procurement, reduction and 
transportation can be fully reconstructed. 
Artefact and faunal discard rates at Colless Creek Cave and 
Louie Creek Cave remained at approximately the same levels as 
previously. In contrast, open sites document extensive use of the 
plains. All open sites in the gorge are also estimated to be younger 
than mid-Holocene and it is possible that the recent abundance of 
sites is simply a result of better preservation. Other evidence 
indicates that the large numbers of open sites formed since 5,000 
years BP may reflect increased use of the plains compared with the 
previous ten millennia. At Louie Creek Cave the highest proportions 
of greywacke and quartzites (>4Z) occur in spits 1-2, which cover the 
past 4,100 years. A similar pattern is visible at Colless Creek Cave, 
where the proportion of greywacke and quartzite artefacts in spit 1 
(l.OZ), covering the last 2450 years, is greater than at any time in 
the preceding 15,000 years. If such increases do not reflect a re-
structuring of procurement and transportation strategies, or a change 
in the length of artefact uselife, they presumably indicate more 
intensive use of stone resources on the plain. Further work is 
required to make this interpretation secure. 
Evidence for prehistoric activities was found throughout the 
study area, but it was more frequent near some environmental 
features. Permanent water and sources of knappable stone are the main 
factors associated with both sites and high density background 
scatter. It is suggested that this pattern is a result of both higher 
rates of discard and of greater quantities of activity. The former 
conclusion is supported by the finding that the later stage of tula 
use and maintenance often took place on sites near permanent water 
and that they were more likely to be discarded there. The latter 
conclusion is supported by the observation that the area of most 
sites and the number of artefacts on them is inversely related with 
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the distance to a source of knappable stone. If site size is 
proportional to the number of occupants, the length of occupation, or 
the number of occasions on which it was inhabited, then this inverse 
relationship indicates that the intensity of activities was greatest 
near sources of stone. High costs of transportation, high usage 
rates, and biological need in the case of water, explain the 
significance of these relatively rare resources in determining 
activity location. 
More subtle associations were identified between activity 
locations and other environmental factors. Large caves, major 
seasonal creeklines, high levee banks and the tops of cliffs or steep 
scree slopes were frequent locations for sites. The density of 
background scatter also increased near these features. These data 
suggest a preference for the location of activities adjacent to major 
dry season water sources and/or on rocky outcrops with good views. 
Assemblage composition varied greatly throughout the study area, 
and much of this variation was a response to environmental 
constraints on artefact manufacture. Some of these constraints 
resulted from the properties of the stone material. The two main 
stone materials used in artefact manufacture, chert and greywacke, 
have different fracture characteristics, and are found as nodules of 
different sizes and shapes. Prehistoric artisans applied different 
knapping strategies to these two rock types, and distinct artefacts 
were made from each. Even within one type of stone there are 
significant variations in the size and shape of the raw material 
which affected stoneworking. Quarried chert has properties different 
from river-rolled cobbles of chert. Greywacke nodules vary greatly in 
size between outcrops. The form of artefacts and the composition of 
assemblages changed markedly across the region as the nature of 
outcropping stone changed. Thus, I have concluded that prehistoric 
knappers responded to the properties of the stone materials by 
adjusting their technology, and in some contexts the choice of 
stoneworking procedures was limited by the properties of the 
available rocks. 
Other constraints were imposed upon the stoneworkers by the 
difficulty of obtaining replacement stone in some parts of the study 
area. Prehistoric people procured stone from a limited number of 
discrete stone sources, either outcrops or river gravels. Rock from 
these sources was transported throughout the Lawn Hill area. 
250 
Chapter 11 
greywacke moving southward and chert northward. As they carried these 
rocks away, people knapped and presumably used them. The manner in 
which the transported artefacts were reduced reflects an ever 
increasing attempt, on the part of the knappers, to ration the stone. 
Away from sources of replacement stone the prehistoric knappers 
altered their stoneworking strategies and techniques to maximize 
their use of the transported stone material. 
Artefacts were transported across the landscape in two forms. 
Retouched flakes were carried throughout the region, and some were 
continually reduced, making them smaller and more extensively worked 
than they were originally. Cores were also carried and knapped when 
flakes were needed, resulting in small, multiplatform cores being 
frequently found away from stone outcrops. 
As a consequence of these mechanisms, the spatial variation in 
stoneworking activities and artefact form was large. Each location in 
the landscape presented a particular set of constraints and stresses 
to the prehistoric stoneworkers. Because the stone component of the 
material culture was largely a product of the response of knappers to 
stone materials, it was concluded that the technology is a poor 
indicator of short-term change in the activities carried out at a 
site or the season(s) in which it was occupied. Furthermore, some 
areas of the Lawn Hill region exhibit little diversity in knapping 
techniques and strategies. For example, sites near stone sources 
often show relatively little assemblage variation and the material 
culture largely reflects the way knappers coped with the initial 
flaking of rock. In such locations, the stoneworking technology, and 
the artefacts it created, may directly reveal little about activities 
other than stone procurement and artefact manufacture. Perhaps the 
proximity of chert sources may explain the relatively minor 
chronological changes in technology at Colless Creek and Louie Creek 
Caves. At these sites these are many similarities in the assemblages 
recovered from levels before and after the mid-Holocene appearance of 
backed blades and points. Alternatively, the introduction of such 
retouched flakes may have required little alteration to the pre-
existing technology. 
The 62 sites which were occupied during the last 5,000 years 
reflect the extensive and systematic use of the region. The 
procurement of water and stone materials for artefact manufacture 
were major determinants of the spatial pattern of prehistoric 
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activities. At Lawn Hill the availability of these resources is 
highly predictable and the archaeological residues suggest that 
their exploitation was very highly structured. Artefact distributions 
show that all portions of the landscape were visited but that the 
nature of activities varied. Inferences about the diversity and 
positioning of activities could be refined with studies of art sites, 
midden materials and the use-wear and residues on artefacts. 
Recent sites also demonstrate that stoneworking technology was 
often dynamic and highly responsive to changes in the environment. It 
was concluded that the mechanics and economics of stone procurement 
and processing were the dominant influences on technological 
behaviour. This observation fits well with 0*Connell*s (1977) 
conclusions about post-contact sites in arid regions to the southwest 
of Lawn Hill. Evidence for the paramount role of water and stone 
procurement in determining the location and form of archaeological 
artefacts since the mid-Holocene can also be cited in support of many 
of the inferences drawn about occupation during earlier times. 
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PLEISTOCENE SETTLQIENT OF AUSTRALIA'S ARID INTERIOR 
1 2 . 1 THREE MODELS OF HUMAN SETTLEMENT 
One major q u e s t i o n i n A u s t r a l i a n a r c h a e o l o g y has been t h e 
a n t i q u i t y and na tu r e of occupat ion i n va r ious p a r t s of the con t inen t . 
A r a n g e of d a t a i n d i c a t e s t h a t humans f i r s t a r r i v e d i n Sahu l a f t e r 
t h e l a s t i n t e r g l a c i a l bu t p r i o r t o 40,000 y e a r s BP (eg. Balme, 
M e r r i l e e s and Por t e r 1978; Bowler 1976; Bowler e t a l 1970; Pearce and 
Barbe t t i 1981; Wright 1986). Three broad models of human s e t t l e m e n t 
have been p r o p o s e d . The f i r s t p r o p o s e s t h a t t h e e n t i r e c o n t i n e n t , 
i n c l u d i n g t h e a r i d zone , has been s e t t l e d c o n t i n u o u s l y s i n c e soon 
a f t e r l a n d f a l l ( B i r d s e l l 1957, 1977) . A second h y p o t h e s i s t h e 
oppos i te , namely t h a t the a r i d i n t e r i o r was not i nhab i t ed u n t i l l a t e 
i n the p r e h i s t o r y of A u s t r a l i a (Bowdler 1977). The t h i r d hypo thes i s , 
c a l l e d here the f l u c t u a t i n g model, sugges ts t h a t t h e r e was an e a r l y 
o c c u p a t i o n of t h e i n t e r i o r b u t t h a t p e o p l e abandoned a t l e a s t t h e 
a r i d zone on one or more o c c a s i o n (Bowler 1976; Hor ton 1981 ; J o n e s 
1979; W a l t e r s 1981) . Th i s c h a p t e r r e v i e w s d a t a from Lawn H i l l and 
f i v e o t h e r r e g i o n s i n A u s t r a l i a and a r g u e s t h a t i t i s t h e 
f l u c t u a t i n g model which i s s u p p o r t e d by c u r r e n t e v i d e n c e , d e s p i t e 
recent arguments to the con t r a ry by Smith (1987) and Jones (1987). 
None of t h e s e mode l s has been framed s p e c i f i c a l l y i n t e rms of 
s e t t l e m e n t of t h e a r i d z o n e , and b e c a u s e t h e r e a r e s e v e r a l 
f o r m u l a t i o n s of each , i t i s p r o d u c t i v e t o d i s c u s s t h e t h r e e 
s cena r io s . 
CONTINUOUS OCCUPATION 
Cont inuous o c c u p a t i o n of t h e a r i d i n t e r i o r s ince c o l o n i z a t i o n 
was f i r s t s u g g e s t e d by B i r d s e l l (1957) who, i n t h e a b s e n c e of any 
P l e i s t o c e n e s i t e s , made a number of t h e o r e t i c a l c a l c u l a t i o n s about 
t h e p o t e n t i a l r a t e of c o l o n i z a t i o n . His e s t i m a t e s of t h e t i m e 
requ i red to p o p u l a t e A u s t r a l i a range from 1,300 years t o over 2,200 
years . He argued t h a t t he e n t i r e con t inen t would have been occupied 
r a p i d l y , and would h a v e r ema ined o c c u p i e d u n t i l t o d a y . B i r d s e l l * s 
i n f e r r e d r a t e of c o l o n i z a t i o n has been ques t ioned by Horton (1981), 
and the p a t t e r n of s e t t l e m e n t by s e v e r a l a r c h a e o l o g i s t s . 
I f B i r d s e l l * s model of cont inuous occupat ion a p p l i e s t o the a r i d 
and semi-ar id p o r t i o n s of A u s t r a l i a , then a r c h a e o l o g i c a l ev idence for 
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r e s i d e n t p o p u l a t i o n s of a p p r o x i m a t e l y t h e same s i z e , from b e f o r e 
30,000 years BP u n t i l European c o n t a c t , should be forthcoming. Most 
i m p o r t a n t l y , t h e c o n t i n u i t y of o c c u p a t i o n s h o u l d be a p p a r e n t ; an 
a b s e n c e of h a b i t a t i o n a t a number of a r i d r e g i o n s i t e s d u r i n g a 
s i n g l e per iod would r e f u t e t h i s model. 
On t h e b a s i s of b a s a l d a t e s be tween 20 ,000 and 30,000 y e a r s BP 
f o r h a b i t a t i o n a t s i t e s i n t h e w e s t e r n p o r t i o n s of t h e a r i d r e g i o n . 
Smith (1987) and J o n e s (1987) a r g u e t h a t c e n t r a l A u s t r a l i a was 
c o n t i n u o u s l y o c c u p i e d s i n c e i t was f i r s t s e t t l e d . T h i s s c e n a r i o 
d i f f e r s from t h a t of B i r d s e l l i n two a s p e c t s . F i r s t l y , i f h a b i t a t i o n 
of the i n t e r i o r began 20,000-30,000 years BP, t h a t was long a f t e r the 
i n i t i a l movement of humans i n t o A u s t r a l i a . S e c o n d l y , Smi th (1986b, 
1987) has argued t h a t p o p u l a t i o n s i z e on ly i nc reased t o i t s p r e sen t 
l e v e l s i n t h e r e c e n t p a s t , r a t h e r t h a n g r o w i n g t o c a p a c i t y 
immediately as B i r d s e l l hypothes i sed . N e v e r t h e l e s s , t he s cena r io of 
Smith (1987) and J o n e s (1987) s h a r e s w i t h B i r d s e l l * s model t h e 
c r u c i a l requirement of cont inuous r e s idence i n a l l p a r t s of the a r i d 
zone . Th i s c h a r a c t e r i s t i c makes t h e c o n t i n u o u s o c c u p a t i o n model 
r e a d i l y t e s t a b l e i n a r c h a e o l o g i c a l c o n t e x t s . 
LATE OCCUPATION 
Bowdler (1977) argued t h a t t he p o s i t i o n i n g of many P l e i s t o c e n e 
s i t e s r e l a t i v e l y c l o s e t o t h e p r e s e n t c o a s t l i n e r e f l e c t s t h e 
e s s e n t i a l l y c o a s t a l s e t t l e m e n t by P l e i s t o c e n e humans. She exp la ined 
s i t e s r e l a t i v e l y f a r from the c o a s t , p a r t i c u l a r l y Kenniff Cave and 
t h e l a k e - s i d e middens of w e s t e r n New Sou th W a l e s , i n t e r m s of t h e i r 
r i v e r i n e s i t u a t i o n a t t r a c t i n g peop le who were adapted t o a " c o a s t a l 
way of l i f e " (Bowdler 1977 :205) . A c c o r d i n g t o t h i s m o d e l , t h e s e 
" c o a s t a l l y a d a p t e d " p e o p l e i n h a b i t e d o n l y t h e c o a s t l i n e and major 
r i v e r sy s t ems u n t i l t h e y were pushed i n l a n d a t t h e end of t h e 
P l e i s t o c e n e by m a r i n e t r a n s g r e s s i o n s . She p r e d i c t e d t h a t i f t h i s 
model i s c o r r e c t . 
We would e x p e c t t o f i n d s i t e s o l d e r t h a n say 
12,000 BP o n l y n e a r P l e i s t o c e n e c o a s t l i n e s , on 
major r i v e r s y s t e m s o r l a k e s c o n n e c t e d t o t h e 
l a t t e r . S i t e s showing s u c c e s s f u l d e s e r t o r 
montane a d a p t a t i o n s w i l l on ly be of t h e o rder of 
12,000 years o l d (Bowdler 1977:234). 
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White and O 'Conne l l (1982:52) q u e s t i o n e d w h e t h e r t h e d a t a 
Bowdler c i t e s a c t u a l l y support her model. In p a r t i c u l a r , they c i t e 
Balme's (1980:84) conc lus ion t h a t D e v i l ' s Lai r appears to have been 
occupied p r i o r to 25,000 years BP by people wi th a " w e l l - e s t a b l i s h e d 
l a n d economy". A l t h o u g h t h i s may be t r u e i t does n o t n e c e s s a r i l y 
n e g a t e Bowdle r ' s p r o p o s i t i o n as D e v i l ' s L a i r i s c u r r e n t l y 5km from 
the coas t and even a t the l a s t g l a c i a l maximum was on ly 40 km i n l a n d 
(Dor tch 1984:14 , 20) . Thus t h e o c c u p a t i o n of D e v i l ' s L a i r might be 
s i m p l y i n d i c a t e t h e r e l a t i v e l y minor u s e of t h e i n l a n d by a group 
whose main focus was on t h e c o a s t . Th i s c o n c l u s i o n i s r e i n f o r c e d by 
Dortch's (1984:80) o b s e r v a t i o n t h a t the most numerous s tone m a t e r i a l 
a t the cave i s f o s s i l i f e r o u s che r t which was qua r r i ed from outcrops 
on the now submerged c o n t i n e n t a l s h e l f . Bowdler (1977:219) h e r s e l f 
expla ined the P l e i s t o c e n e occupat ion of Cave Bay Cave i n p r e c i s e l y 
the same way, concluding t h a t the e a r l y occupat ion l e v e l s r e p r e s e n t 
" . . . r a r e h u n t i n g f o r a y s by a b a s i c a l l y c o a s t a l p e o p l e i n t o t h e 
h i n t e r l a n d . . . " Such u s e of i n l a n d r e s o u r c e s by c o a s t a l l y - o r i e n t e d 
p e o p l e i s a common f e a t u r e of h u n t e r - g a t h e r e r adap t a t i ons (Bowdler 
1977:223; Luebbers 1978 :18) . 
Other P l e i s t o c e n e s i t e s , such a s C loggs Cave (F lood 1974) , 
Walkunder Arch Cave (Campbe l l 1982) , Mount Newman Cave (Maynard 
1980), P u r i t j a r r a (Smith 1987) and Kenniff Cave (Mulvaney and Joyce 
1965), a r e more d i f f i c u l t t o e x p l a i n i n t h i s way b e c a u s e t h e y a r e 
fu r the r from the coas t and g i v e no i n d i c a t i o n s of marine or r i v e r i n e 
economies . I t i s i n t h i s c o n t e x t t h a t Bowdler (1977 :215 , 230, 235) 
emphas ised t h a t a r t e f a c t s a r e r e l a t i v e l y s p a r s e i n P l e i s t o c e n e 
d e p o s i t s , p o s s i b l y i n d i c a t i n g low p o p u l a t i o n d e n s i t i e s away from the 
c o a s t . She e x p e c t e d t h a t i n c o n t r a s t , p o p u l a t i o n d e n s i t y a l o n g t h e 
now drowned P l e i s t o c e n e c o a s t l i n e would h a v e been r e l a t i v e l y h i g h 
(Bowdler 1977 :227 , 234) . More r e c e n t l y , B e a t o n ' s (1985) work a t 
P r i n c e s s C h a r l o t t e Bay on Cape York P e n i n s u l a has p r o v i d e d s t r o n g 
i n d i c a t i o n s t h a t Abor ig ina l c o n c e n t r a t i o n on marine resources i s a 
Holocene phenomenon (see a l s o Lampert and Hughes 1974; but compare 
Neal and S tock 1986, and Morse I n p r e s s ) . I f t h i s s c e n a r i o i s 
a c c e p t e d t h e n i t c l e a r l y i m p l i e s t h a t P l e i s t o c e n e s e t t l e m e n t i n 
A u s t r a l i a c a n n o t be s e e n s o l e l y i n t e r m s of t h e i n a b i l i t y of 
c o a s t a l l y - a d a p t e d groups to d e v i s e new economic s t r a t e g i e s . Bowdler's 
(1977) p r o p o s i t i o n t h a t t he a r i d core of A u s t r a l i a was not occupied 
u n t i l the t e rmina l P l e i s t o c e n e i s not a f f ec t ed by t h e s e f ind ings (cf. 
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J o n e s 1 9 7 9 ) . Nor d o e s t h i s i n f o r m a t i o n deny h e r p e s s i m i s t i c 
c o n c l u s i o n abou t t h e i n a b i l i t y of h u n t e r - g a t h e r e r s t o a d j u s t t o 
d e s e r t i f i c a t i o n of t h e i r environment: 
Man's r e a c t i o n s seem t o h a v e v a r i e d . Some s i t e s 
were abandoned a t c . 18 ,000 BP (Cave Bay Cave , 
M a l a n g a n g e r r , Nawamoyn); o t h e r s w e r e f i r s t 
o c c u p i e d n o t l o n g a f t e r t h i s t i m e , b u t v e r y 
s p a r s e l y ( C l o g g s C a v e , t h e S e t o n s i t e ) , 
sugges t ing not very s u c c e s s f u l a t t empts t o cope 
wi th new environments . (Bowdler 1977:234) 
While t h i s model of c o a s t a l s e t t l e m e n t may be a p p r o p r i a t e for 
the per iod of i n i t i a l c o l o n i z a t i o n (Walters 1981), t he occupat ion of 
n o n - r i v e r i n e s i t e s i n t h e a r i d zone p r i o r t o 12 ,000 y e a r s BP ( s i t e s 
such as Koonalda Cave and Mount Newman) n e c e s s i t a t e s i t s r e j e c t i o n as 
a d e s c r i p t i o n of i n l a n d s e t t l e m e n t s i n c e 30 ,000 y e a r s BP. What 
remains from the l a t e occupancy hypo thes i s i s t h e doubt t h a t humans 
could have coped wi th the d e s i c c a t i o n which occurred a t t h e g l a c i a l 
maximum. This doubt underpins t he model of f l u c t u a t i n g occupat ion . 
FLUCTUATING OCCUPATION 
A t h i r d h y p o t h e s i s of P l e i s t o c e n e o c c u p a t i o n was o f f e r e d by 
Bowler (1976), Jones (1979; Jones and Bowler 1981) and Horton (1981). 
Each of t h e s e a u t h o r s a r g u e d t h a t e x i s t i n g p a l a e o - e n v i r o n m e n t a l 
e v i d e n c e s u g g e s t s t h a t most e n v i r o n m e n t s o t h e r t h a n t h e a r i d zone 
would have been occupied p r i o r t o about 25,000 yea r s BP. More r ecen t 
d a t e s from s i t e s such as Mt Newman and P u r i t j a r r a h a v e l e d some 
a r c h a e o l o g i s t s t o c o n c l u d e t h a t e v e n t h e a r i d l a n d s c a p e s were 
i n h a b i t e d a t t h a t t ime ( J o n e s 1987) . I n c r e a s e d a r i d i t y d u r i n g t h e 
g l a c i a l maximum i s thought t o have forced the wi thdrawal of people 
from much of the i n l a n d . With c l i m a t i c a m e l i o r a t i o n t he whole of the 
c o n t i n e n t , i n c l u d i n g t h e a r i d z o n e , was r e - o c c u p i e d . Th i s model of 
f l u c t u a t i n g occupat ion i s one p o s s i b l e i n t e r m e d i a t e p o s i t i o n between 
t h e e x t r e m e s a d v o c a t e d by B i r d s e l l and Bowdle r . The p a t t e r n of 
occupat ion suggested by a f l u c t u a t i n g model conforms comfor tably wi th 
both the e a r l y da t e s which have been ob ta ined and a l s o wi th Bowdler's 
p e r c e p t i o n of P l e i s t o c e n e humans a s u n a b l e t o cope w i t h a r i d 
l andscapes . Horton (1981:23) argued t h a t t h i s model i s more r e a l i s t i c 
than Bowdler's because i t env i sages t h a t P l e i s t o c e n e peop le possessed 
a h i g h l y f l e x i b l e economy r a t h e r than the r i g i d s u b s i s t e n c e s t r a t e g y 
256 
Chapter 12 
demanded by t h e c o a s t a l c o l o n i z a t i o n h y p o t h e s i s . Th i s m o d e l , and 
B i r d s e l l ' s , a l s o f i t s more h a r m o n i o u s l y w i t h S m i t h ' s (1986b:37) 
suggest ion t h a t the s e t t l e m e n t of the i n t e r i o r dur ing the t e rmina l 
P l e i s t o c e n e was not f a c i l i t a t e d by the i n t r o d u c t i o n of seed g r ind ing , 
as argued by Bowdler (1977). 
Formulat ions of t h i s model of f l u c t u a t i n g s e t t l e m e n t vary i n two 
key a t t r i b u t e s . F i r s t l y , Horton (1981:24-25) p laced the t iming of the 
abandonment of t h e a r i d zone be tween 22,000 y e a r s BP and a l m o s t 
12,000 y e a r s BP, whereas Bowler (1976 :72-73) r e s t r i c t e d t h e main 
s t r e s s e s of a r i d i t y to the per iod from 20,000 t o 14,000-15,000 years 
BP. Secondly, Horton (1981:25) suggested t h a t t he abandonment of the 
i n t e r i o r was complete and t h a t peop le r e t r e a t e d t o the coas t ; whereas 
Bowler (1976:75) argued t h a t abandonment would have been i n e v i t a b l e 
o n l y i n t h e h a r s h e s t of l a n d s c a p e s ( s e e a l s o M a b b u t t 1 9 7 1 : 7 6 ) . 
C l e a r l y , Bowler's fo rmula t ion of t he envi ronmenta l s t r e s s and human 
r e s p o n s e t o i t i s t h e most c o n s e r v a t i v e . Because i t i s e a sy t o 
underes t imate human r e s i l i e n c e i n hard t imes . Bowler's fo rmula t ion i s 
p re fe r red here and i n view of the r epor t ed human presence i n the a r i d 
zone d u r i n g t h e P l e i s t o c e n e i t i s h y p o t h e s i s e d t h a t a f l u c t u a t i n g 
p a t t e r n of s e t t l e m e n t s h o u l d be a r c h a e o l o g i c a l l y r e f l e c t e d as an 
abandonment of t h e a r i d zone d u r i n g t h e p e r i o d 20 ,000-14 ,000 y e a r s 
BP. 
Proponents of a f l u c t u a t i n g model have been l e s s s o p h i s t i c a t e d 
in t h e i r c h a r a c t e r i z a t i o n of the v a r i e t y of environments and human 
r e s p o n s e s t h a n Bowdler (1977) had been i n h e r f o r m u l a t i o n of t h e 
c o a s t a l c o l o n i z a t i o n model. In d e a l i n g wi th the s i t e s a t the l akes i n 
w e s t e r n New South Wales Bowdler ( 1 9 7 7 : 2 2 3 - 5 ) h i g h l i g h t e d t h e 
e s s e n t i a l d i f f e r ence between those l akes and o the r p o r t i o n s of the 
A u s t r a l i a n d e s e r t i n t h e a v a i l a b i l i t y of r i v e r i n e r e s o u r c e s . 
Environmental d i f f e r ences w i t h i n a r i d and s e m i - a r i d landscapes must 
a l s o be t a k e n i n t o a c c o u n t i n f o r m u l a t i n g an h y p o t h e s i s of 
f l u c t u a t i n g occupat ion. The t i m i n g of abandonment and r e s e t t l e m e n t 
may v a r y r e g i o n a l l y as a r e s u l t of d i f f e r e n c e s i n t h e q u a n t i t y and 
r e l i a b i l i t y of r e s o u r c e s , p a r t i c u l a r l y pe rmanen t d r i n k i n g w a t e r . 
Indeed, l o c a l envi ronmenta l cond i t i ons might determine t he l i k e l i h o o d 
and n a t u r e of abandonment . W h i l s t most a r i d a r e a s migh t h a v e been 
abandoned , p e o p l e may h a v e c o n t i n u e d t o r e s i d e p e r m a n e n t l y where 
oases provided adequate refuge from d e s e r t c o n d i t i o n s . In t he a reas 
s u r r o u n d i n g t h e s e r e f u g e s humans may h a v e c e a s e d t o be pe rmanen t 
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occupants but have still occasionally visited them for purposes such 
as raw material procurement. Similarly, where oases could not provide 
adequate refuge for permanent occupation they may still have 
attracted short-term visits from neighbouring environments. Thus, 
depending upon the availability and permanency of local resources, a 
model of fluctuating settlement might predict four patterns of human 
response to desertification within the arid zone during the period 
20-14,000 years BP: 
A = Abandonment, 
B = Permanent occupation of an oasis, 
C = Short-term visits to surrounding areas by people based at an 
oasis, 
D = Short-term trips to oases from non-arid environments. 
The fluctuating model of arid occupation can be summarized by 
defining its two major predictions. Firstly, at some periods, and 
certainly at the glacial maximum, much of arid inland Australia would 
have been abandoned. Secondly, the exception to this pattern, human 
habitation of the arid region during this period, would occur only in 
the vicinity of especially favoured locations which could act as 
refuges. If either of these predictions can be refuted then a 
fluctuating model of human settlement, at least in the way in is 
framed here, must be rejected. 
Thus, the fluctuating model postulates that arid inland 
Australia was unoccupied from about 20,000 until after 15,000 years 
BP. White and O'Connell (1982:223) and Hughes and Lampert (1980:55) 
pointed out that available data does not seem to support this model. 
Late Pleistocene dates are reported from Puritjarra (Smith 1987), Mt. 
Newman (Maynard 1980), Miriwun (Dortch 1977) and Koonalda Cave 
(Wright 1971b), sites which were in landscapes undoubtedly at least 
as arid at that time as they are today. To answer this criticism it 
is necessary to review carefully the data on Pleistocene inland 
occupation, beginning with the sites from Lawn Hill. 
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1 2 . 2 THE SITUATION AT LAWN HILL 
Lawn H i l l i s p e r f e c t l y pos i t i oned to i n v e s t i g a t e the na tu r e of 
P l e i s t o c e n e occupat ion i n i n l a n d A u s t r a l i a as i t i s l o c a t e d i n the 
cen t re of Sahul and i n the e n v i r o n m e n t a l l y s e n s i t i v e semi-a r id zone. 
I f B i r d s e l l ' s model i s c o r r e c t , t h e n t h e a r e a s h o u l d h a v e been 
con t inuous ly occupied s ince w e l l before 25,000 years BP. I f Bowdler's 
(1977) c o a s t a l model i s c o r r e c t then humans should not appear u n t i l 
a p p r o x i m a t e l y 12,000 y e a r s ago . I f t h e f l u c t u a t i n g model of 
s e t t l e m e n t i s c o r r e c t t h e n e v i d e n c e of e a r l y o c c u p a t i o n s h o u l d be 
f o r t h c o m i n g , b u t an e v i d e n c e of abandonment a t some t i m e be tween 
20,000 and 14,000 years BP should a l s o be found. 
The a n t i q u i t y and c o n t i n u i t y of human o c c u p a t i o n a t Lawn H i l l 
removes any doub t abou t t h e a b i l i t y of P l e i s t o c e n e A u s t r a l i a n s t o 
l i v e away from t h e c o a s t and i n a r i d and s e m i - a r i d l a n d s c a p e s . Nor 
can t h e i n h a b i t a n t s of Lawn H i l l be d e s c r i b e d as p o s s e s s i n g a 
" t r a n s l i t e r a t e d " c o a s t a l economy (Bowdler 1977:233), s ince dur ing the 
g l a c i a l maximum t h e y l i v e d i n t h e g o r g e s , e x p l o i t i n g t h e s t o n e 
m a t e r i a l s and d e s e r t adapted animals on the p l a t e a u (Aplin n.d.) , and 
heavy usage of r i v e r i n e resources was on ly i n i t i a t e d i n response to 
a r id cond i t i ons . Consequently, the l a t e occupat ion and c o a s t a l model 
cannot e x p l a i n t h e o c c u p a t i o n of Lawn H i l l d u r i n g t h e p e r i o d 4 0 -
12,000 years BP. 
By concluding t h a t C o l l e s s and Louie Creek Caves were occupied 
before, dur ing and a f t e r the l a t e P l e i s t o c e n e a r i d pe r iod , r e s ea r ch 
a t Lawn H i l l a p p e a r s t o s u p p o r t B i r d s e l l ' s t h e o r y of c o n t i n u o u s 
occupation. B i r d s e l l ' s p r o p o s i t i o n s a r e not comple t e ly f u l f i l l e d a t 
Lawn H i l l , however, and i n ad jo in ing reg ions a f l u c t u a t i n g p a t t e r n of 
o c c u p a t i o n i s l i k e l y . There a r e two i s s u e s which r e l a t e t o t h i s 
i n f e r ence . 
F i r s t l y , B i r d s e l l ' s model i n v o l v e s p o p u l a t i o n l e v e l s reaching 
maximum soon a f t e r c o l o n i z a t i o n . At Lawn H i l l the human response to 
d e s e r t i f i c a t i o n a t t h e g l a c i a l maximum s u g g e s t s low p o p u l a t i o n 
d e n s i t i e s . This conc lus ion i s r e i n f o r c e d by the low a r c h a e o l o g i c a l 
v i s i b i l i t y of P l e i s t o c e n e and e a r l y Holocene a r t e f a c t s o u t s i d e caves . 
In c o n t r a s t , open s i t e s a r e c l e a r l y more numerous i n t he l a s t 4,000 
y e a r s , a p a t t e r n which i s n o t s i m p l y e x p l a i n e d as a p r o d u c t of 
p r e s e r v a t i o n and which may r e f l e c t more i n t e n s i v e use of t he p l a i n s . 
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Population levels are notoriously difficult to infer, but the 
evidence from Lawn Hill points to higher levels in the late Holocene 
than in the Pleistocene. This picture of small, dispersed populations 
successfully occupying vast tracts of inland Australia conforms with 
the recent interpretations of the Pleistocene by Beaton (1985), Smith 
(1986b), and Lourandos (in press). 
The second issue is that although some areas of Lawn Hill may 
have been continuously occupied since before the glacial maximum, it 
is argued that the prehistoric occupants responded to the increasing 
aridity which accompanied the glacial maximum by reducing their 
territory and focusing on the abundant and reliable resources 
available in the gorge systems. This indicates that whilst people 
occupied the interior under good conditions, they were not adjusted 
to life in fully arid conditions. The implication of these findings 
is that the Pleistocene humans at Lawn Hill were unable to exploit 
truly arid portions of their landscape and they may have had to 
abandon the area completely had the gorges not provided a refuge. If 
this was the case, then other areas without such refuges should have 
been largely or completely abandoned during arid periods. In view of 
the unique environmental circumstances at Lawn Hill it is predicted 
that many regions to the west and south may have been occupied prior 
to the glacial maximum but abandoned in the face of extreme aridity. 
This can only be verified by archaeological investigations in those 
regions. In the meantime, the evidence from Lawn Hill suggests that a 
model of fluctuating settlement has value in this portion of inland 
northern Australia. Furthermore, the Lawn Hill data support Bowler's 
(1976) proposition that stresses leading to abandonment took place 
only at the very peak of the last glaciation, between 20,000-18,000 
years BP and 14,000 years BP. 
12.3 APPLYING THE FLUCTUATION MODEL IN OTHER REGIONS 
If this inability of humans to adjust to the intense aridity 
between 18,000 and 14,000 years BP is a widespread phenomenon, then 
regions to the south and west of Lawn Hill should demonstrate a 
similar pattern of abandonment and/or concentration upon oases. In 
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the following pages this prediction is tested at sites in five 
regions within Australia's arid zone (Figure 12:1). I maintain that 
data from these five areas support a model of fluctuating settlement 
during the Pleistocene. Table 12:1 summarizes my interpretation of 
the evidence. Only those regions with oases have yielded dates 
between 20,000 years BP and 14,000 years BP, and in those regions, 
only sites close to oases were occupied at that time. In several 
regions there is undoubted evidence for the abandonment of sites or 
portions of the landscape during the arid phase. These patterns can 
only be explained in terms of a fluctuating model of settlement. 
Unfortunately, not all of the available data are easily 
interpreted. A number of Pleistocene sites have ambiguous and/or 
inconsistent dating sequences, or inadequate information about the 
vertical distribution of cultural material.While attesting to an 
early human presence in the arid zone, such sites do not provide a 
test of the continuity of occupation in the regions in which they 
occur. Sites which provide an unambiguous record of Pleistocene 
settlement fall into two classes. Firstly, there are those in refuge 
situations, where permanent water was available throughout the 
glacial maximum and in which humans continued to reside despite 
increased aridity. Secondly, there are sites away from oases, which 
were only settled since 14,000 years BP or which were occupied prior 
to 20-19,000 years BP but abandoned at the onset of extreme aridity. 
CENTRAL AUSTRALIA 
Wide-ranging work in central Australia by Smith (1983, 1986a, 
1986b), Stockton (1971) and Gould (1969b, 1977b, 1980) has described 
a number of impressive sites first occupied since 5,000 years BP. Few 
sites were in use during the early Holocene and only two of the 
central Australian sites, Puntutjarpa (Gould 1977b) and Puritjarra 
(Smith 1987), were occupied during the terminal Pleistocene and early 
Holocene. Puntutjarpa yielded a near basal date of 10,170^ 2^30 years 
BP (1-5319) and it is unlikely that the site was first inhabited 
prior to 11,000-12,000 years BP. Thus, Puntutjarpa conforms with the 
hypothesis that central Australia was first settled when climatic 
changes occurred around 10,000-12,000 years ago. Occupation at 
Puritjarra may also have started about 12,000 years BP, but the 
sequence at this site is far from clear and requires re-examination. 
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S m i t h ( 1 9 8 7 ) and J o n e s ( 1 9 8 7 ) a r g u e d t h a t P u r i t j a r r a 
r o c k s h e l t e r , l o c a t e d i n t h e C l e l a n d H i l l s of c e n t r a l A u s t r a l i a , 
p rov ides evidence for cont inuous occupa t ion of t he a r i d zone s ince 
22,000 years BP. Data from P u r i t j a r r a does not p rov ide s t rong support 
for t h i s p r o p o s i t i o n . Evidence for e a r l y occupa t ion comes from s p i t 
1 1 , where t h e lowermos t a r t e f a c t s a r e a s s o c i a t e d w i t h s c a t t e r e d 
charcoa l which gave a da t e of 21,950_+270 years BP (Beta 19901) (Smith 
1987) . C h a r c o a l from a l ower l e v e l y i e l d e d an age e s t i m a t e of 
22,440+^1,370 years BP (Beta 18884), but as no a r t e f a c t s were found a t 
t h a t d e p t h . Smith (1987:710) i n t e r p r e t s i t t o p r e d a t e s e t t l e m e n t . 
A c c e p t a n c e of a 22,000 y e a r BP d a t e f o r i n i t i a l o c c u p a t i o n a t 
P u r i t j a r r a r e l i e s on t h e p r o p e r a s s o c i a t i o n of a r t e f a c t s and 
s c a t t e r e d c h a r c o a l . The r e l i a b i l i t y of t h i s a s s o c i a t i o n i s u n c e r t a i n 
b e c a u s e t h e r e i s o n l y a s m a l l gap (10 t o 18 cm) be tween t h e l e v e l s 
d a t e d t o 12,000 y e a r s BP and 22 ,000 y e a r s BP, and t h e v e r t i c a l 
movement of a r t e f a c t s between those l e v e l s would have a major impact 
upon a r c h a e o l o g i c a l i n t e r p r e t a t i o n of t h i s s i t e . S i n c e s a n d s t o n e 
s h e l t e r s s u c h a s P u r i t j a r r a a r e n o t o r i o u s l y p r o n e t o p o s t -
d e p o s i t i o n a l d i s t u r b a n c e (eg . Hughes and Lampert 1977; S t e r n 1980; 
Stockton 1973), i t i s necessa ry t o e n t e r t a i n t he p o s s i b i l i t y t h a t the 
a r t e f a c t s - c h a r c o a l a s s o c i a t i o n i n s p i t 11 i s m e r e l y a r e s u l t of 
v e r t i c a l movement. Smith (1987) s t a t e d t h a t t he e n t i r e upper u n i t I I 
a t P u r i t j a r r a c o n t a i n e d o n l y 92 a r t e f a c t s , b u t d i d n o t d e t a i l t h e 
number i n s p i t s 7-9 ( l e s s t h a n 12,000 y e a r s BP) or i n s p i t s 10 -11 
( o l d e r t h a n 12,000 y e a r s BP). I f o n l y a s m a l l number (<20) of t h e 
a r t e f a c t s o c c u r i n s p i t s 1 0 - 1 1 t h e n t h e y m i g h t be e x p l a i n e d by 
downward movement from h i g h e r l e v e l s , i m p l y i n g t h a t t h e e a r l i e s t 
occupat ion of t he s i t e occurred o n l y a f t e r t he c l i m a t i c a m e l i o r a t i o n 
a t 12 ,000-14 ,000 y e a r s BP. V e r t i c a l movement w i t h i n t h e P u r i t j a r r a 
depos i t may a l r e a d y be evidenced by the s m a l l p a r a l l e l - s i d e d e l o n g a t e 
f l a k e s found i n t h e P l e i s t o c e n e l e v e l s (Smi th 1987 :710 ) . S p e c i f i c 
t e s t i n g of the ex t en t of p o s t - d e p o s i t i o n a l movement, us ing methods 
such as conjoin a n a l y s i s , i s needed. 
Even i f o c c u p a t i o n d i d b e g i n a round 22 ,000 y e a r s BP, t h e r e i s 
l i t t l e t o s u g g e s t t h a t t h e s i t e , and t h e s u r r o u n d i n g r e g i o n , was 
con t inuous ly i n h a b i t e d s ince t h a t t ime. No d a t e s have been obta ined 
between the cha rcoa l samples e s t ima ted a t 21,9504^270 years BP (Beta 
19901) and 12,020j^240 y e a r s BP (Be ta 18883) . R e l a t i v e l y l i t t l e 
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s e d i m e n t a c c u m u l a t e d b e t w e e n t h e s e two d a t e s . The s m a l l n u m b e r of 
a r t e f a c t s a t t h a t l e v e l and t h e d i f f i c u l t y of e x c l u d i n g p o s t -
d e p o s i t i o n a l movement h a s a l r e a d y been m e n t i o n e d . As a c o n s e q u e n c e , 
i t i s n o t c e r t a i n t h a t t h e s i t e was i n f a c t o c c u p i e d t h r o u g h o u t t h e 
g l a c i a l maximum. A l t h o u g h S m i t h ( 1 9 8 7 ) d o e s n o t i d e n t i f y a n y 
s t r a t i g r a p h i c b r e a k i n d i c a t i v e of a h i a t u s b e t w e e n t h e s e d a t e s , a n 
abandonment of t h e s h e l t e r a t t h e h e i g h t of t h e g l a c i a t i o n c a n n o t be 
e x c l u d e d on p r e s e n t d a t a . U n t i l t h e s e d a t i n g a n d t a p h o n o m i c d o u b t s 
a r e r e s o l v e d t h e r e i s no r e a s o n t o a c c e p t t h a t t h e s i t e d e m o n s t r a t e s 
e i t h e r o c c u p a t i o n s i n c e 2 2 , 0 0 0 o r t h a t s u c h o c c u p a t i o n w a s 
c o n t i n u o u s . 
PILBARA 
The vast, arid Pilbara region of northwest Western Australia 
contains several sites with Pleistocene dates. Mount Newman site 
P0187 lies 360 km from the present coastline and over 500 km from the 
coastline as it existed at the last glacial maximum (Maynard 1980:7). 
Even today the surrounding landscape is very arid. Thus, a date from 
this site of 20,740+^345 years BP (SUA 1041) which is apparently 
associated with stone artefacts conflicts with Bowdler's (1977) 
expectations. This date may not, however, refute a model of 
fluctuating use of the arid zone. As charcoal from hearths in three 
spits (8-10) was combined to produce the sample which was dated as 
SUA 1041 (Maynard 1980:7), the resulting age estimate is an average 
for the base of the deposit (Figure 12:2). At least one of the 
hearths (Hll) is probably older than 20,740 years BP while the other 
hearth (H9) is probably younger. The critical issue here is how much 
younger and older? Two samples from much closer to the surface gave 
dates of slightly more than 3,000 years BP and 5,000 years BP 
(Maynard 1980). A charcoal sample from hearth H7 in spit 6, 
immediately above SUA-1041, gave a date of 9,870+^ 80 years BP (SUA-
2553) (Brown 1987:23). Thus, Hearth H9 is probably older than 10,000 
years BP and younger than 20,000 years BP. If Hearth H9 were less 
than 12,000-14,000 years old then it would be expected that Hearth 
Hll would be at least slightly older than 20,000 years BP. An 
occupational hiatus might therefore exist during glacial maximum. The 
plausibility of this suggestion is reinforced by Brown's (1987:25) 
re-analysis of the stone artefacts from the site, which revealed that 
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a r t e f a c t d e n s i t i e s were l o w e s t be tween H9 and H l l . I t s h o u l d be 
s t r e s s e d t h a t M a y n a r d ( 1 9 8 0 ) d o e s n o t seem w o r r i e d by t h i s 
p o s s i b i l i t y and indeed s p e c i f i c a l l y s t a t e s t h a t dur ing e x c a v a t i o n she 
found no evidence for a "marked break" i n the d e p o s i t i o n a l sequence. 
N e v e r t h e l e s s , t h e p u b l i s h e d d a t a from Mount Newman P0187 do n o t 
n e c e s s a r i l y c o n f l i c t wi th a f l u c t u a t i n g model. 
A second r o c k s h e l t e r , on ly 18 km from P0187, c l a r i f i e s t h i s i s s u e 
of t h e c o n t i n u i t y of o c c u p a t i o n . S i t e P2055 h a s no r a d i o c a r b o n age 
e s t ima tes between a sample of cha rcoa l i n s p i t 10 which gave a da t e 
of 6270_+210 years BP (WAIT 121) and a sample i n s p i t 16 which y i e l d e d 
a da te of 26,300jf years BP (SUA 1510). Between t h e s e l e v e l s t h e r e i s 
c l e a r evidence for an h i a t u s i n human occupat ion . No a r t e f a c t s were 
recovered from s p i t 12 and on ly s m a l l numbers of a r t e f a c t s were found 
i n s p i t s 13 and 14 (Brown 1987 :31 ) . 
On t h e c o a s t t o t h e w e s t of Mount Newman, a t h i r d s i t e a l s o 
c o n t a i n s d e f i n i t e e v i d e n c e of abandonment d u r i n g t h e l a s t g l a c i a l 
maximum. At Mandu Mandu Creek R o c k s h e l t e r t h e r e i s a d i s t i n c t 
s t r a t i g r a p h i c break, which i n d i c a t e s an h i a t u s i n both occupat ion and 
s e d i m e n t a t i o n be tween 20,040_+440 y e a r s BP (SUA 2614) and 2,420+^200 
y e a r s BP (WAIT 117) . Morse ( i n p r e s s ) i n t e r p r e t s t h i s h i a t u s as an 
abandonment of the cave dur ing the h e i g h t of t he l a s t g l a c i a t i o n and 
the e a r l y Holocene when the c o a s t l i n e was more d i s t a n t than today. 
Thus, the ev idence from s i t e s i n t he nor th -wes t of t he con t inen t 
s u g g e s t s w i d e s p r e a d abandonment of an a r i d r e g i o n be tween 2 0 , 0 0 0 -
10,000 y e a r s BP. The p r e c i s e t i m i n g and s y n c h r o n i c i t y of t h i s 
abandonment has n o t been e s t a b l i s h e d , and i t can n o t be c o n c l u d e d 
t h a t such an abandonment t o o k p l a c e p r e c i s e l y a t t h e h e i g h t of 
d e s i c c a t i o n , be tween 1 8 , 0 0 0 - 1 4 , 0 0 0 y e a r s BP. F u r t h e r work on a l l 
t h r e e s i t e s i s r equ i r ed t o r e s o l v e t h e s e d e t a i l s . N e v e r t h e l e s s , i t i s 
c l e a r t h a t o c c u p a t i o n i n t h i s r e g i o n was i n i t i a t e d p r i o r t o 25,000 
y e a r s BP b u t was n o t c o n t i n u o u s . I n s h o r t , t h e f l u c t u a t i n g model i s 
the on ly one which i s c o n s i s t e n t w i th t h e a v a i l a b l e ev idence . 
NULLARBOR PLAIN 
Koonalda Cave may have ev idence for l a t e P l e i s t o c e n e occupat ion 
of t h e a r i d i n l a n d away from t h e l a k e s y s t e m s of s o u t h e a s t e r n 
A u s t r a l i a . Wr igh t ( 1 9 7 1 b : 2 4 - 2 8 ) h a s a r g u e d i n f a v o u r of human 
a c t i v i t y i n t he cave between 22,000 yea r s BP and 15,000 years BP. At 
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t h i s t i m e , t h e c o a s t l i n e was up t o 200 km t o t h e s o u t h (Wright 
1971a:14) and the surrounding landscape was a r i d (Symon 1971:17). 
Dating of the a r c h a e o l o g i c a l depos i t a t Koonalda i s p rob lema t i c , 
c a s t i n g doub t on t h e c l a i m t h a t i t was o c c u p i e d d u r i n g t h e g l a c i a l 
maximum. For example i n Area C v e r y d i f f e r e n t d a t e s were o b t a i n e d 
from t h e same h e a r t h . The "Bottom F i r e " has d a t e s of 31,000^1650 
y e a r s BP ( V 8 2 ) , 2 1 , 9 0 0 ^ 5 4 0 (ANU 245) and 1 9 , 0 0 0 ^ 7 2 0 ( V 9 6 ) , 
d i sc repanc ie s which Wright (1971b:26) could not e x p l a i n . S i m i l a r l y , 
the "Top F i re" has radiocarbon e s t ima tes of 15,850_+320 years BP (ANU 
70) and 13,700^270 y e a r s BP (GAK 510) (Wright 1971b :24) . W h i l s t 
t h e s e i n c o n s i s t e n c i e s do n o t a f f e c t W r i g h t ' s (1971b:28) c o n c l u s i o n 
t h a t the depos i t i s Late P l e i s t o c e n e i n age they have a major impact 
on i n t e r p r e t a t i o n of occupat ion dur ing the g l a c i a l maximum, between 
20,000 and 14,000 y e a r s BP. I n t h e lower p a r t of t h e "Top White" 
s t r a t a , two h e a r t h s y i e l d e d d a t e s of a p p r o x i m a t e l y 19,500 y e a r s BP 
(ANU 7 1 , V96). Above t h i s o n l y t h e "Top F i r e " i s d a t e d and i t i s t h e 
age of t h i s h e a r t h which i s c r u c i a l i n de termining the c o n t i n u i t y of 
occupation. I f the sample c o l l e c t e d by Wright from the w a l l s of the 
e x c a v a t i o n (ANU 70) p r o v i d e s an a c c u r a t e d a t e f o r t h e a n t i q u i t y of 
t h e h e a r t h , t h e n i t must be a c c e p t e d t h a t t h e r e was a t l e a s t 
o c c a s i o n a l u s e of t h e s i t e be tween 20 ,000-14 ,000 y e a r s BP. I f t h e 
sample c o l l e c t e d by G a l l u s from t h e h e a r t h d u r i n g e x c a v a t i o n (GAK 
510) i s a c c u r a t e , then t h e r e may be an occupa t iona l h i a t u s , perhaps 
r e l a t e d t o t h e s t r a t i g r a p h i c b r e a k , c e n t r e d a round t h e g l a c i a l 
maximum. Thus i t i s p o s s i b l e t h a t t h e s i t e was abandoned s h o r t l y 
a f t e r 19,500 y e a r s BP and n o t r e - u s e d u n t i l a b o u t 14,000 y e a r s BP, 
when a r t e f a c t d i s c a r d was rap id (Wright 1971b:24). I t i s d i f f i c u l t t o 
a s s i g n p r e f e r e n c e t o e i t h e r s c e n a r i o of c a v e on t h e b a s i s of t h e 
a v a i l a b l e da ta and t h i s u n c e r t a i n t y needs to be r e s o l v e d by f u r t h e r 
f ie ldwork a t Koonalda Cave. In view of a da t e of 18,200+^550 years BP 
(GAK 511) obta ined i n another t r e n c h by G a l l u s (1971:93), however, i t 
must a t t h e moment be c o n s i d e r e d l i k e l y t h a t t h e s i t e was v i s i t e d 
during the per iod 20,000-14,000 years BP. 
I n t e r p r e t a t i o n of human occupat ion a t Koonalda Cave i n terms of 
t h e t h r e e s e t t l e m e n t m o d e l s i s e v e n l e s s c e r t a i n . Thorne (1971:46) 
c o n c l u d e d t h a t f auna r e m a i n s from t h e c a v e r e s u l t e d from human 
a c t i v i t i e s , and thus t he main economic a c t i v i t y a t the cave seems to 
h a v e been q u a r r y i n g and i n i t i a l r e d u c t i o n of t h e f l i n t (Wright 
1971c :56) . M o r e o v e r , t h e q u a n t i t y of a r t e f a c t u a l d e b r i s s u g g e s t s 
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ext remely n o n - i n t e n s i v e quar ry a c t i v i t y . In Area B, where Wright 
excavated approximately 8 m ,^ only 292 de f in i t e a r t e fac t s were found, 
an average d e n s i t y of on ly 37 a r t e f a c t s / m"^ . In the "Top White" 
s t r a t a , which Wright (1971b:28) e s t ima ted to cover the pe r iod 
22,000-15,000 years BP, the a r t e f a c t accumula t ion r a t e i n Area B i s 
only 4/100 years. These are very small quan t i t i e s of a r t e fac t s for a 
quarry where f l i n t i s r ead i ly a v a i l a b l e and suggest that use of the 
s i t e as a quarry was minimal at any time, and perhaps r e f l e c t s only 
casual and short term exp lo i t a t ion by passers-by. One further factor 
must be cons idered i s a d i s c u s s i o n of the a t t r a c t i o n s of t h i s s i t e 
for p reh is tor ic humans, namely the existence of rock a r t . Maynard and 
Edwards (1971:76) imply tha t f l i n t may have been procured by people 
v i s i t i n g the s i t e pr imari ly for r e l ig ious purposes. 
The groups exploi t ing t h i s s i t e may not have inhabited the loca l 
area. Permanent occupation may have occurred on the coas ta l p l a in to 
t h e s o u t h , w i t h l o n g d i s t a n c e t r i p s of t h e t y p e o b s e r v e d 
ethnographical ly (cf. Gould 1980) being made s p e c i f i c a l l y to procure 
stone and/or to engage in r i t u a l a c t i v i t i e s . There i s no information 
about the environment of the now-submerged c o a s t a l p l a i n but the 
existence of good qua l i t y water in Koonalda and s imi lar caves might 
have made such a t r i p p o s s i b l e (cf. Wright 1971a:3). Even i f 
v i s i t a t i o n was s p o r a d i c , t h a t i t happened a t a l l i m p l i e s a good 
knowledge of an a r i d l andscape . While such knowledge i s seemingly 
incompatible with a v i s ion of coas ta l co lon i s t s , i t i s expl icable in 
terms of a f luc tua t ing model of set t lement in which the area had once 
been inhabited more in t ens ive ly . Fortunately, although Koonalda Cave 
contains no deposits to confirm th i s hypothesis, other s i t e s in the 
region provide evidence of the human response to c l imat ic change. 
Because d r i n k a b l e water may always have been a v a i l a b l e a t 
Koonalda Cave, occupation of the s i t e during the g l a c i a l maximum may 
be an example of the exp lo i t a t ion of oases. In contras t , N145, a cave 
s i t e 80 km west of Koonalda, has no permanent water and shows a 
d i f f e r e n t p a t t e r n of human h a b i t a t i o n (Mar t in 1973). Bracketed 
between da te s of 20,200jfl000 (ANU 1042) and 11,950^250 (ANU 1041) a 
50 cm deep section of the deposit i s c u l t u r a l l y s t e r i l e , indicat ing 
abandonment of the s i t e a t some time during the terminal Pleis tocene. 
Assuming cons t an t sediment accumula t ion dur ing t h i s p e r i o d , the 
abandonment of N145 can be estimated to have occurred between 17,500 
years BP and 15,000 yea r s BP, c o i n c i d e n t wi th g r e a t e s t a r i d i t y i n 
266 
Chapter 12 
t h i s r e g i o n . Thus , t h e permanent o c c u p a t i o n of, and a d a p t a t i o n t o , 
t h i s a rea dur ing the g l a c i a l maximum i s not demonstrated. 
LAKE EYRE - STRZELECKI DESERT 
A l l e v i d e n c e from Lake E y r e , Coopers Creek and t h e S t r z e l e c k i 
Desert i n d i c a t e s t h a t humans e i t h e r abandoned the reg ion dur ing the 
l a s t g l a c i a l maximum or occupied i t for the f i r s t time on ly a f t e r the 
c l i m a t i c a m e l i o r a t i o n . Whi l e Hughes and Lampert (1980) i n i t i a l l y 
s u g g e s t e d t h a t t h e r e may be e v i d e n c e f o r v e r y s p a r s e o c c u p a t i o n i n 
the Cooper Creek - S t r z e l e c k i Desert a r ea , they found no s i t e s da t i ng 
t o be tween 22,000 and 13,000 y e a r s BP (Lampert 1985; Lampert and 
Hughes 1987; Wasson 1983) . E x t e n s i v e s u r v e y and e x c a v a t i o n l e d 
Lampert and Hughes (1987) t o c o n c l u d e t h a t t h e Lake Eyre B a s i n was 
uninhabi ted dur ing t h a t t ime. In t he b e t t e r - w a t e r e d F l i n d e r s Ranges, 
which b o r d e r t h e s o u t h e r n edge of t h e Lake Eyre B a s i n , t h e y found 
a r c h a e o l o g i c a l e v i d e n c e of humans a t l e a s t t o w a r d s t h e end of t h e 
g l a c i a l maximum (Lampert and Hughes 1987:30, 32). Sparse P l e i s t o c e n e 
a r c h a e o l o g i c a l m a t e r i a l s l e s s than 13,000 years o l d found i n the Lake 
Eyre Basin a re i n t e r p r e t e d as the "occas iona l forays" of people based 
i n t h e r a n g e s a f t e r t h e c l i m a t i c a m e l i o r a t i o n (Lampert and Hughes 
1987:32) . I t was o n l y d u r i n g t h e e a r l y Ho locene t h a t pe rmanen t 
o c c u p a t i o n of t h e d e s e r t a r e a s n o r t h of t h e F l i n d e r s Ranges t ook 
p l a c e . These c o n c l u s i o n s p r o v i d e a p i c t u r e of P l e i s t o c e n e humans 
unable to s u r v i v e i n ext remely a r i d cond i t i ons but occupying refuges 
in l e s s de s i cca t ed landscapes . While exc lud ing a model of e a r l y and 
continuous occupat ion , t h i s d a t a does n o t d i s t i n g u i s h be tween l a t e 
and f l u c t u a t i n g o c c u p a t i o n , and f i e l d w o r k d e s i g n e d t o s e a r c h f o r 
s i t e s on l a n d s c a p e s o l d e r t h a n 20 ,000 y e a r s BP i s now r e q u i r e d , as 
Lampert and Hughes (1987:33) recognize . 
SOUTH-EASTERN AUSTRALIA 
Simi l a r s i t u a t i o n s e x i s t i n the a r i d p o r t i o n s of s o u t h - e a s t e r n 
A u s t r a l i a . Archaeo log ica l ev idence of human occupat ion i n t he per iod 
20,000-14,000 years BP i s found a t , or nea r , numerous l a k e systems i n 
w e s t e r n New South Wales (Bowdler 1977 :223-5 ) . A l l e n (1972:321) has 
d a t e d a number of s h e l l middens a t l a k e s i n t h e D a r l i n g B a s i n t o 
between 20,000 and 14,000 years BP. Burkes Cave, l o c a t e d a t a sp r ing 
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i n the nearby Scropes Range, was i n f e r r e d by A l l e n (1972:150) t o have 
been occupied dur ing t h i s pe r iod , a l t h o u g h the o n l y rad ioca rbon d a t e 
was l,850_+240 y e a r s BP (ANU 704) . A l l of t h e s e s i t e s r e p r e s e n t t h e 
occupat ion of l o c a t i o n s where water was a v a i l a b l e . Away from oases of 
t h i s t y p e , s i t e s d a t i n g t o be tween 20 ,000 and 14 ,000 y e a r s BP h a v e 
n o t been r e p o r t e d . Hence, t h e a v a i l a b l e d a t a from s o u t h - e a s t e r n 
A u s t r a l i a conform t o t h e e x p e c t a t i o n s of t h e f l u c t u a t i n g model of 
s e t t l e m e n t . 
12.4 DISCUSSION 
A r c h a e o l o g i c a l r e s e a r c h has n o t y i e l d e d a s i n g l e u n d e n i a b l e 
i n s t ance of a r e s i d e n t p o p u l a t i o n i n a r i d i n l a n d A u s t r a l i a away from 
sources of permanent water between 20,000 yea r s BP and 14,000 years 
BP. I t i s t r u e t h a t a number of s i t e s c o n t a i n s u g g e s t i o n s t h a t such 
p o p u l a t i o n s may h a v e e x i s t e d , b u t none a r e c o n v i n c i n g . I t has 
r e c e n t l y been s u g g e s t e d t h a t a r i d C e n t r a l A u s t r a l i a was o c c u p i e d 
c o n t i n u o u s l y s i n c e 22 ,000 y e a r s BP ( J o n e s 1987; Smith 1987) . 
A r c h a e o l o g i c a l s i t e s a t Lawn H i l l , and i n many o t h e r p a r t s of t h e 
c o n t i n e n t do n o t p r o v i d e s t r o n g s u p p o r t f o r such a p r o p o s i t i o n . 
There i s c u r r e n t l y no u n e q u i v o c a l e v i d e n c e of human p o p u l a t i o n s 
con t inuous ly r e s i d i n g i n a l l p o r t i o n s of a r i d A u s t r a l i a s i nce t h a t 
r e g i o n was f i r s t s e t t l e d . On t h e c o n t r a r y , a v a i l a b l e e v i d e n c e can 
e q u a l l y be u s e d t o s u g g e s t t h e w i d e s p r e a d abandonment of t h e 
A u s t r a l i a n i n l a n d d u r i n g t h e t e r m i n a l P l e i s t o c e n e . Where r e l i a b l e 
oases occur, such as a t Lawn H i l l , s m a l l groups of humans might have 
won a l i v i n g from the ha r sh l andscape , but e l sewhere they achieved 
s u r v i v a l on ly by r e t r e a t i n g t o o t h e r envi ronments . 
Future a r c h a e o l o g i c a l r e s e a r c h i n t o t he P l e i s t o c e n e s e t t l e m e n t 
of i n l a n d A u s t r a l i a should not a t tempt mere ly t o d i s c o v e r and da t e 
s i t e s . This rev iew has r e v e a l e d t h a t a l t h o u g h a lmos t a dozen s i t e s 
may be r e l e v a n t t o a d i s c u s s i o n of t h e s u b j e c t , s e v e r a l of t h e s e 
s i t e s may be i n t e r p r e t e d i n a v a r i e t y of ways . R e s o l v i n g d o u b t s 
concerning the p a l a e o - e n v i r o n m e n t , s t r a t i g r a p h y , d a t i n g , f o r m a t i o n 
processes and a r c h a e o l o g i c a l con ten t of t hose s i t e s i s a v a l i d means 
of t e s t i n g the model of f l u c t u a t i n g s e t t l e m e n t espoused he re . Indeed, 
f i n d i n g many more ambiguous s i t e s w i l l n o t t e s t t h e p r o p o s i t i o n s 
which have been proposed. 
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TECHNOLOGICAL SYSTEMS IN AUSTRALIA 
1 3 . 1 CHRONOLOGICAL CHANGES IN TECHNOLOGY 
The supposed i n a b i l i t y of P l e i s t o c e n e and e a r l y Ho locene p e o p l e 
t o a d a p t t o t h e a r i d i n l a n d i s p a r a l l e l e d by t h e t r a d i t i o n a l v i e w 
t h a t t e c h n o l o g y d u r i n g t h i s p e r i o d was i m m e n s e l y c o n s e r v a t i v e and 
u n i f o r m , w i t h s t o n e a s s e m b l a g e s c h a r a c t e r i z e d by l a r g e i m p l e m e n t s 
( e g . B o w d l e r 1 9 7 7 : 2 3 3 ; F l o o d 1 9 8 3 : 4 8 - 5 0 , 9 7 ; H o w e l l s 1 9 7 3 : 1 2 7 ; 
M u l v a n e y 1 9 7 5 : 1 7 2 - 1 8 0 ; W h i t e and O ' C o n n e l l 1 9 8 2 : 6 5 - 6 7 , 1 0 5 ) . T h i s 
v i s i o n of A u s t r a l i a n s t o n e w o r k i n g i s b a s e d s o l e l y on d e s c r i p t i o n s of 
a r t e f a c t s i z e and implemen t t y p o l o g y . I t i s q u i t e p o s s i b l e t h a t t h e 
supposed u n i f o r m i t y of P l e i s t o c e n e a s s e m b l a g e s r e s u l t s more from t h e 
g e n e r a l i s e d l e v e l of t y p o l o g i c a l a n a l y s e s t h a n f r o m a n y r e a l 
c o n s e r v a t i s m i n t h e t e c h n o l o g i e s . T h i s p r o b l e m i s c o m p l i c a t e d by 
Kamminga ' s ( 1 9 7 8 ) f i n d i n g t h a t a n u m b e r of c l a s s e s of a r t e f a c t s , 
"Hor se -hoo f s " i n p a r t i c u l a r , a r e n o t t o o l s o r i m p l e m e n t s a t a l l b u t 
worked -ou t c o r e s . C o n s e q u e n t l y , e v e n t h e p e r c e p t i o n of u n i f o r m i t y and 
v a r i a t i o n e x p r e s s e d i n t e r m s of t o o l s i s d u b i o u s . 
A n u m b e r of r e s e a r c h e r s h a v e d e s c r i b e d s u b t l e v a r i a t i o n s i n 
P l e i s t o c e n e a s s e m b l a g e s and h a v e o f f e r e d e x p l a n a t i o n s f o r them ( Jones 
1979; Kohen, S t o c k t o n and W i l l i a m s 1984; M u l v a n e y 1975; Whi te and 
O 'Connel l 1982) . H y p o t h e s i s i n g a s i n g l e d i r e c t i o n a l c h a n g e t h r o u g h 
t i m e , f r om l a r g e , t h i c k , s t e e p - e d g e d i m p l e m e n t s t o s m a l l , t h i n n e r , 
l o w - a n g l e d and m o r e d e l i c a t e i m p l e m e n t s , i s a common s o l u t i o n . 
L o r b l a n c h e t a n d J o n e s ( 1 9 7 9 ) p o r t r a y t h i s t r e n d a s a t y p o l o g i c a l 
e v o l u t i o n from t h e o l d e s t a s s e m b l a g e s c o n t a i n i n g many c o r e t o o l s and 
few s c r a p e r s t o l a t e P l e i s t o c e n e a n d e a r l y H o l o c e n e a s s e m b l a g e s 
c o n t a i n i n g f e w c o r e t o o l s a n d m o s t l y s c r a p e r s . T h u s , t h e 
c h r o n o l o g i c a l c h a n g e s l a r g e l y i n v o l v e d t h e r e t e n t i o n of imp lemen t 
t y p e s b u t a s h i f t i n t h e i r r e l a t i v e a b u n d a n c e i n a n a s s e m b l a g e . 
Recent f i n d i n g s h a v e c a s t d o u b t on t h i s scheme. For e x a m p l e , l a r g e , 
h e a v y "core t o o l s " of K a r t a n a s s e m b l a g e s , wh ich L o r b l a n c h e t and J o n e s 
(1979) a r g u e d s h o u l d be common o n l y i n t h e e a r l i e s t a s s e m b l a g e s y e t 
f o u n d , h a v e b e e n d a t e d t o o n l y 14,7704^270 y e a r s BP (SUA 2 1 3 1 ) 
(Lampert 1985) and 7,450_+100 y e a r s BP (CS 496) (Draper 1987 :4 ) . 
A s i m i l a r t r e n d h a s b e e n h y p o t h e s i z e d by K o h e n , S t o c k t o n and 
W i l l i a m s (1984) , who q u a n t i f i e d a s s e m b l a g e c o m p o s i t i o n by d e v i s i n g an 
i n d e x of t h e f r e q u e n c y of i m p l e m e n t s made on p e b b l e s , c o r e s and t h i c k 
f l a k e s ( c a l l e d t h e p / c / t f i n d e x ) . A f t e r showing t h a t a t t h r e e s i t e s 
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in the Cumberland Plain these implements generally, although not 
consistently, become less frequent with time, they suggested that 
this is a pattern which occurs throughout southeastern Australia 
(Kohen, Stockton and Williams 1984:69). Figure 13:1 plots this index 
against years BP for the data quoted by Kohen, Stockton and Williams, 
and clearly shows the positive correlation they perceive. Also 
plotted on Figure 13:1 are selected data which were not employed by 
Kohen, Stockton and Williams (1984) in their argument. The addition 
of these data indicates that there is no single chronological trend 
in assemblage composition, and that the strong correlation found by 
Kohen, Stockton and Williams relates only to the sample of sites they 
employed. Thus it is yet to be demonstrated that the chronological 
arrangement of assemblages into an assumed "sens de I'evolution 
typologique" is an adequate explanation of the pancontinental 
variation. 
Technological studies at Colless Creek Cave show a complex set 
of chronological changes in stoneworking. Some aspects of artefact 
manufacture changed in a single direction through time. For example, 
over time it was increasingly common for decortication flakes to be 
struck from cores rather than retouched flakes, and cores gradually 
became more gently curved. In contrast, other aspects of manufacture 
show reversals or multiple directions. For example, the proximity of 
blow location to the core edge and the extent of decortication in the 
lowest levels are most similar with that in the upper levels of the 
deposit. In addition, changes in knapping technique over the last 
20,000 years, such as the introduction of bipolar backing during the 
mid-Holocene, are not reflected in the average size of knapping 
debris such as retouched flakes. The only major typological changes 
occur in the mid-Holocene, with the appearance of backed blades, 
points and tulas; no changes in the form of retouched flakes occurred 
at either Colless Creek Cave or Louie Creek Cave in the preceding ten 
millennia. 
1. Calculating this index for sites in the literature is complicated 
by the different terms and classificatory systems which have been 
employed. Applying the index is made even more difficult because 
Kohen, Stockton and Williams (1984) do not provide detailed 
definitions of the artefacts with which they are dealing. For 
example, how thick is a thick flake tool? 
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Chronologica l t r ends i n A u s t r a l i a n s t o n e a r t e f a c t s h a v e a l s o 
been c h a r a c t e r i z e d as evidence for the emergence of d i s t i n c t r e g i o n a l 
assemblages. Mulvaney (1975:62) suggested t h a t the i n i t i a l s i m i l a r i t y 
of s t o n e i m p l e m e n t s on ' e a r l y man' s i t e s t h r o u g h o u t t h e c o n t i n e n t 
r e f l e c t s r a p i d s e t t l e m e n t of Sahu l and t h a t i n c r e a s i n g r e g i o n a l 
d i s t i n c t i o n s r e s u l t e d from the gradua l a d a p t a t i o n of the t o o l - k i t t o 
each e n v i r o n m e n t which was i n h a b i t e d . H a s s a n ( 1 9 8 1 : 1 8 6 - 1 8 9 ) , 
f o l l o w i n g I s a a c (1972) , a r g u e d t h a t t h e d e v e l o p m e n t of r e g i o n a l 
v a r i a t i o n i s r e l a t e d t o i n c r e a s e s i n p o p u l a t i o n d e n s i t y . Higher 
popu la t ion d e n s i t i e s l ed to g r e a t e r t e r r i t o r i a l o v e r l a p p i n g , h igher 
r a t e s of t e c h n o l o g i c a l i n n o v a t i o n and c r o s s - c u l t u r a l t r ansmis s ion of 
t h o s e i n n o v a t i o n s (Hassan 1981 :187) . U n d e r l y i n g t h i s model i s t h e 
a s s u m p t i o n t h a t s t o n e a r t e f a c t s a r e symbols of e t h n i c i t y and t h a t 
a s s e m b l a g e v a r i a t i o n can be d i r e c t l y i n t e r p r e t e d as s t y l i s t i c 
v a r i a t i o n . 
I n t e r p r e t a t i o n of a r t e f a c t v a r i a b i l i t y i n t h i s way i s 
c o m p l i c a t e d by t h e i n t e r r e l a t i o n s h i p s be tween t e c h n o l o g y , t h e 
environment, and h u n t e r - g a t h e r e r o rgan i za t i on . Even w i t h i n the sma l l 
Lawn H i l l s t u d y a r e a t h e r e was p ronounced i n t e r ^ s i t e v a r i a t i o n i n 
s t o n e w o r k i n g t e c h n o l o g y and a r t e f a c t u a l d e b r i s . This v a r i a t i o n was 
l a r g e l y a r e s u l t of t h e k n a p p i n g p r o p e r t i e s of a v a i l a b l e s t o n e 
m a t e r i a l s and the economics of p rocur ing and t r a n s p o r t i n g a r t e f a c t s . 
R e g i o n a l d i f f e r e n c e s can be e x p e c t e d a s a r e s u l t of t h e same 
mechanisms. Each type of rock has a p a r t i c u l a r a f f e c t on the forms of 
a r t e f a c t s p roduced by k n a p p i n g . For e x a m p l e , i f Lawn H i l l had no 
c h e r t o u t c r o p s , o n l y greywacke o u t c r o p s , none of t h e backed b l a d e s 
would h a v e been m a n u f a c t u r e d i n t h e r e g i o n . The q u a n t i t y and 
d i s t r i b u t i o n of s tone m a t e r i a l s u i t a b l e for knapping w i l l presumably 
a f f e c t t h e n a t u r e and e x t e n t of v a r i a t i o n be tween s i t e s i n any 
r e g i o n . F u r t h e r t e c h n o l o g i c a l work i s r e q u i r e d i n o t h e r a r e a s of 
A u s t r a l i a t o v e r i f y and r e f i n e t h i s r e l a t i o n s h i p but some p r e l i m i n a r y 
e v i d e n c e i n d i c a t e s t h a t i t i s a t l e a s t b r o a d l y a p p l i c a b l e . For 
example, a t Lawn H i l l , where rock outcrops a r e r a r e and occur on ly i n 
one p a r t of t h e l a n d s c a p e , t h e r e i s immense s p a t i a l v a r i a b i l i t y , 
whereas i n t h e Hunte r V a l l e y , New Sou th W a l e s , f l a k e a b l e s t o n e of 
s e v e r a l kinds i s commonly a v a i l a b l e and t h e r e i s g r e a t t e c h n o l o g i c a l 
uni formi ty ac ross the r eg ion (Hiscock 1985a, 1986b, i n p r e s s ) . 
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Hayden (1977b) reviewed chronological developments in Southeast 
Asian stone implements and concluded tha t despi te environmental 
var ia t ions there was a consis tent decrease in s i ze , greater 
efficiency of raw mater ia l use, and greater s p e c i a l i z a t i o n and 
variety of tools. The overal l history of Australian implements has 
been seen similarly (Jones 1979:457). Chronological changes in the 
composition of Ple is tocene and ea r ly Holocene assemblages are 
described as an increase in the amounts of "working edge" per uni t 
stone (Jones 1979:456-7), although this pattern has not been verified 
by use-wear studies. This trend is seen to accelerate in the Holocene 
with the addi t ion of new implement types, and in p a r t i c u l a r in the 
mid-Holocene where the appearance of a new su i t e of implements i s 
c o l l e c t i v e l y c a l l e d the Small Tool Tradi t ion (Jones 1979:457). If 
this depiction of Australian technologies as increasingly efficient 
i s correct , i t i s a trend which requires explanat ion beyond that 
offered by Mulvaney or Hassan for r e g i o n a l i s a t i o n . The hypotheses 
used to explain chronological changes of this kind are numerous and 
include the degree of mobi l i ty , the nature of food gathering 
strategies, the extent of time stress, or the degree of raw material 
shortage. The v iab i l i ty of each of these hypotheses in the l ight of 
data from Lawn H i l l i s discussed in the Chapter 15. What i s pursued 
here is the argument that one key to identifying and explaining such 
trends is the degree to which the technological system at each point 
in time can be understood. In other words, r e so lv ing t h i s debate 
requires not only an i n v e s t i g a t i o n of chronological changes in 
implements but a l s o an u n d e r s t a n d i n g of the s t r u c t u r e of 
technological systems and the role of artefacts within the economy 
and set t lement organizat ion. As an i n i t i a l cont r ibut ion to t h i s 
subject, the diversi ty of technological systems throughout Australia 
is assessed by comparing the technologies which existed at Lawn Hil l 
during the Holocene with those found elsewhere at that time. 
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13.2 REGIONAL VARIATION IN TECHNOLOGICAL ORGANIZATION 
It is necessary to choose a means of assessing regional 
diversity in prehistoric stoneworking behaviour. One of the most 
sensitive measures of the structure of a technological system is to 
detail the interrelationship between its various components. The 
connection between different types of artefacts is an indication of 
the way in which prehistoric people organized their stoneworking 
activities. Consequently, the structural interrelationships within a 
technology in one region provide a useful comparison with the 
patterns known in other areas of Australia. Artefact manufacture at 
Lawn Hill proved to be structurally complex; more than one type of 
retouched flake came from the same reduction sequence, and in some 
instances one type of retouched flake was transformed into another. 
These relationships can be compared regionally in an attempt to 
identify differences and similarities in the organization of 
technological behaviour. 
Tulas were made in one way at Lawn Hill. Flat cobbles of chert 
collected from gravel lags were flaked by striking the cortical 
surfaces well in from the edge of the core. Overhang removal or 
shaping of the core face by small flakes was minimal. Most of the 
tulas found at Lawn Hill have subsequently been reduced in thickness 
through the removal of flakes from their dorsal surface by striking 
the platform. Similar patterns have been found elsewhere in northwest 
Queensland (Hiscock 1988). These procedures contrast with the 
characterization of the 'classic' tula flake described by Flenniken 
and White (1985:143), which is supposedly produced by creating a 
concavity in the core face in order to obtain the pronounced bulb 
typical of tulas. At Lawn Hill it appears that tulas had pronounced 
bulbs primarily through the selection of appropriate flakes rather 
than by carefully crafting the core to inevitably give flakes with 
pronounced bulbs. While the differences between these observations 
may indicate regional variations in tula manufacture, they could also 
be a product of Flenniken and White's (1985) analysis of only 
finished implements rather than entire reduction systems. A second 
contrast with Flenniken and White's (1985:143) description of tula 
manufacture concerns the preparation of curved platform surfaces, 
either through using a large ventral surface as a platform or by 
flaking the platform of the core. This did not take place at Lawn 
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H i l l , where v i r t u a l l y a l l t u l a s had a f l a t c o r t i c a l platform, and i t 
i s l i k e l y that such regional differences in platform merely signify 
that knapping procedure were adapted to the a v a i l a b l e stone mater ia l 
and t h a t t u l a s could be manufactured in a v a r i e t y of ways. The 
minimal effort put in to preparing cores a t Lawn H i l l a l so r e f l e c t s 
the production of t u l a f lakes at an ea r ly stage in the reduction of 
cobbles. 
My analysis has shown tha t at Lawn H i l l , burins and bur i n - l i k e 
objects a c t u a l l y functioned as cores from which useable f lakes were 
struck. Similar suggestions have been made in overseas contexts (eg. 
Anderson 1968; S ta f ford 1977:235). Data a v a i l a b l e e l sewhere in 
A u s t r a l i a a re in complete agreement wi th the f i n d i n g t h a t a t Lawn 
H i l l there was backing on f lakes which had been struck off bu r in - l ike 
re touched f l a k e s . After a use-wear examinat ion of purpor ted bu r in s 
from nine reg ions in A u s t r a l i a , Kamminga (1982:92) found t h a t on ly 
5.6Z were edge damaged, and that none of t h i s damage could d e f i n i t e l y 
be a t t r i b u t e d to p r e h i s t o r i c use . Kamminga (1982:93) t h e r e f o r e 
suggested t h a t many bu r in s were not t o o l s but o the r c l a s s e s of 
a r te fac t s , p a r t i c u l a r l y cores. 
This proposit ion has been inves t iga ted further by Cundy (1977) 
who, working on assemblages from New England, demonstrated that in a 
number of s a l i e n t cha rac te r i s t i c s burins were at the extreme end of a 
continuum of objects from which f lakes had been removed, including 
cores . On t h i s b a s i s he hypothes ized t h a t b u r i i i - l i k e o b j e c t s were a 
by-product of a specif ic s t ra tegy for detaching elongate f lakes from 
a small retouched f lake , which Cundy (1977:137) c a l l e d a "twin ridge 
blade core". A pos i t i ve co r r e l a t i on between the numbers of burins and 
backed blades in the New England and Blue Mountains areas reinforced 
t h e h y p o t h e s i s t h a t l o n g f l a k e s removed from " b u r i n s " were 
manufactured in to backed blades. Although th i s co r r e l a t i on was strong 
in some r e g i o n s , Cundy (1977:34-35) was convinced t h a t i t did not 
hold throughout eastern Aus t ra l ia because he f a i l e d to find i t in the 
nearby Hunter Val ley. More recent work in tha t region, however, has 
demonstrated not on ly a s p a t i a l and tempora l c o r r e l a t i o n between 
backed b l a d e s and b u r i n - l i k e r e t o u c h e d f l a k e s bu t a l s o a 
technological r e l a t ionsh ip . Conjoin ana lys i s a t surface s i t e s in the 
Hunter Val ley succeeded in r e f i t t i n g backed blades onto the b u r i n -
l i k e re touched f l a k e s from which they d e r i v e d (Hiscock 1985a, i n 
p r e s s ) . The p l a t fo rm of b u r i n - l i k e o b j e c t s was o f ten f ace ted and so 
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t oo were t h e p l a t f o r m s of f l a k e s which had been s t r u c k of f and 
subsequent ly made i n t o backed b l a d e s . 
S i m i l a r r e s u l t s o b t a i n e d a t Lawn H i l l e x t e n d t h e r e c o r d e d 
g e o g r a p h i c r a n g e of t h i s form of t e c h n o l o g y w i t h i n A u s t r a l i a . Th is 
does n o t i m p l y t h a t backed b l a d e s i n a l l p a r t s of A u s t r a l i a were 
manufactured i n t h i s manner, or t h a t bu r ins can on ly have funct ioned 
as a p r o d u c e r of f l a k e s f o r b a c k i n g (cf . F l e n n i k e n and White 
1985:145) . N e v e r t h e l e s s , t h e w i d e s p r e a d and s y s t e m a t i c c o n n e c t i o n 
between b u r i n - l i k e a r t e f a c t s and backed b l ades r e v e a l s t h a t i t i s no 
l o n g e r t r u e t h a t t h e former c l a s s of a r t e f a c t s i s a r a r e or 
f o r t u i t o u s r e s u l t of m a n u f a c t u r i n g p r a c t i c e s as some a u t h o r s h a v e 
s u g g e s t e d (eg. Campbe l l and Noone 1943 :296 ; Kamminga 1982:92; 
McCarthy 1943:143). 
I suggested t h a t a t Lawn H i l l a t e c h n o l o g i c a l connect ion a l s o 
ex i s t ed between t u l a s , b u r i n - l i k e retouched f l a k e s and backed b l a d e s . 
By s e l e c t i n g f l a k e s from va r ious s t ages of r educ t ion , t he se forms of 
retouched f l a k e s could a l l be produced from a s i n g l e nodule of s tone . 
The frequency wi th which t h i s combination of procedures occurred a t 
Lawn H i l l has n o t y e t been e s t a b l i s h e d , no r has i t been r e p o r t e d 
e l s e w h e r e i n A u s t r a l i a , a l t h o u g h c o i n c i d e n c e of t h e forms i n b o t h 
t ime and s p a c e has been n o t e d f o r some r e g i o n s (White and O 'Conne l l 
1982:133) . That such a c o m b i n a t i o n o c c u r s a t a l l i s i n t e r e s t i n g i n 
v iew of t h e g e n e r a l a c c e p t a n c e of t u l a s as m a i n t e n a n c e t o o l s 
(Kamminga 1978) and backed b l a d e s as e x t r a c t i v e ones (Kamminga 1980), 
and a g a i n i n d i c a t e s t h a t p r e h i s t o r i c k n a p p e r s a t Lawn H i l l were 
conce rned w i t h t h e e f f i c i e n t u s e of raw m a t e r i a l s . Where a l l t h r e e 
forms do c o - e x i s t s i m i l a r i n t e r r e l a t i o n s h i p s may o c c u r , b u t t h i s 
s t r u c t u r e t o t h e t e c h n o l o g i c a l sy s t em w i l l n o t o c c u r o t h e r w i s e . 
S i m i l a r l y , where the retouched forms a r e manufactured from d i f f e r e n t 
raw m a t e r i a l t y p e s , as a t N a t i v e W e l l 1 i n c e n t r a l Q u e e n s l a n d 
(Morwood 1984 :354) , t h e r e m u s t be a d i f f e r e n t t e c h n o l o g i c a l 
o r g a n i z a t i o n . F u r t h e r r e s e a r c h i s r e q u i r e d t o d e t e r m i n e how 
widespread the p a t t e r n found a t Lawn H i l l may have been. 
Regional d i f f e r ences i n the s t r u c t u r e of stoneworking can a l s o 
be documented f o r t h e r e l a t i o n s h i p be tween u n i f a c i a l and b i f a c i a l 
p o i n t s . At Lawn H i l l t h e r e was a d e m o n s t r a b l e con t inuum from 
t r i a n g u l a r c r o s s - s e c t i o n e l o n g a t e f l a k e s t o u n i f a c i a l p o i n t s t o 
b i f a c i a l p o i n t s , c o n f i r m i n g t h e a r g u m e n t s of F l e n n i k e n and White 
(1985:147). These da ta do no t , however, u n e q u i v o c a l l y support t h e i r 
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conviction that the continuum "...resulted from a deliberate 
technological change designed to produce a 'bifacial point'" 
(Flenniken and White 1985:148). Evidence that the bifacial form 
becomes common only in contexts of raw material shortages suggests 
that it is merely a desire to rejuvenate and re-shape which prompts 
the knapper to change from unifacial to bifacial reduction, rather 
than a desire to achieve a particular end-product. 
While this conclusion is tenable at Lawn Hill it is most 
certainly not applicable to other parts of Australia where unifacial 
and bifacial points do not co-exist (White and O'Connell 1982:116) or 
where bifacial points were manufactured at a single sitting without 
remaining in a unifacial stage for any length of time (cf. Tindale 
1985). Other aspects of point manufacture at Lawn Hill also differ 
from other regions. For example, Flenniken and White (1985:148) 
argued that, on the basis of their examination of museum specimens, 
"...pressure flaking was known throughout all areas of Australia in 
which points were made". Yet at Lawn Hill all of the scars on points 
could have been made by direct percussion and no evidence of pressure 
flaking was observed. Flenniken and White (1985:148-9) also stated 
that bifacial point manufacture generally began with the removal of 
flakes from the ventral surface, whereas at Lawn Hill the reverse is 
true. Clearly, there are regional differences in the range of 
reduction strategies and knapping techniques which prehistoric people 
employed to produce objects which archaeologists recognize as 
"points". 
These regional and local differences have a bearing upon two 
issues in Australian archaeology. Firstly, Flenniken and White 
(1985:149) argued that only a single reduction sequence existed in 
Australia. The acceptability of this statement depends upon the level 
at which prehistoric technologies are examined. Superficially, there 
are characteristics which all stone assemblages in Australia have in 
common, such as the absence of the punch technique (Flenniken and 
White 1985:149). At a detailed level, however, chert and greywacke 
reduction at Lawn Hill differ in many important ways and it has been 
suggested that point manufacture in this region differs from that in 
other regions. Indeed, it is difficult to see how the technological 
variety at Lawn Hill, let alone in the whole of Australia, can 
meaningfully be summarized as the product of a single reduction 
sequence (or generalized reduction sequence). If Kimberley points. 
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backed b l a d e s and t h e l a r g e c o r e s of Kangaroo I s l a n d a r e t o be 
grouped i n t h i s way then s u r e l y a r c h a e o l o g i s t s must i n c l u d e most of 
t h e w o r l d ' s o t h e r p r e h i s t o r i c a r t e f a c t s i n t h a t g roup . I t i s more 
s e n s i b l e to accept t h a t F lenniken and White's (1985) s ta tement i s so 
s i m p l e and g e n e r a l i z e d t h a t i t s e r v e s no p u r p o s e o t h e r t h a n t o 
d i s c o u r a g e n e c e s s a r y i n q u i r y i n t o t h e v a r i e t y of t e c h n o l o g i c a l 
behaviour i n p r e h i s t o r i c A u s t r a l i a . A s t a r t i n g po in t i n ach iev ing an 
unders tanding of a r c h a e o l o g i c a l assemblages of s tone a r t e f a c t s i s to 
s t u d y t e c h n o l o g y r e g i o n by r e g i o n r a t h e r t h a n c l a s s by c l a s s as i s 
c u r r e n t l y done (eg. F lenniken and White 1985; Kamminga 1978) and to 
determine the o r g a n i z a t i o n of technology before making pronouncements 
about the p a n - c o n t i n e n t a l s i m i l a r i t i e s or d i s s i m i l a r i t i e s i n a r t e f a c t 
form. 
The second i s s u e concerning r e g i o n a l d i f f e r ences i n technology 
i s t h a t , d e s p i t e t h e i r va r i ous g e o g r a p h i c d i s t r i b u t i o n s , implement 
types which f i r s t appeared dur ing the Holocene a re considered t o be 
r e l a t e d phenomena and a r e c o l l e c t i v e l y c a l l e d t h e ' S m a l l Tool 
T r a d i t i o n ' ( G o u l d 1 9 7 3 ) . The f i n d i n g s a t Lawn H i l l p r o v i d e 
i n f o r m a t i o n a b o u t t h e u n i t y of t h i s t r a d i t i o n . Whi l e backed b l a d e s 
and t u l a s have s i m i l a r d i s t r i b u t i o n s , both supposedly having no r the rn 
l i m i t s , p o i n t s of v a r i o u s k i n d s h a v e a d i f f e r e n t p a t t e r n of 
o c c u r r e n c e (Mulvaney 1975; Smith and Cundy 1985) . I t i s t h e r e f o r e 
i n t r i g u i n g t o f i n d a r e g i o n such as Lawn H i l l where a l l t h r e e 
implement forms coex i s t and where, on t e c h n o l o g i c a l grounds, backed 
b l a d e s and t u l a s can be s e e n a s i n t e r - r e l a t e d b u t d i s t i n c t from 
p o i n t s . Such an o b s e r v a t i o n r a i s e s q u e s t i o n s which must r e m a i n 
unanswered he re . Does the s i t u a t i o n a t Lawn H i l l r e f l e c t superimposed 
s e t s of t e c h n o l o g i e s o r an a d j u s t m e n t t o e n v i r o n m e n t a l c o n d i t i o n s 
i n v o l v i n g the i n t e g r a t i o n of some kinds of stoneworking a c t i v i t i e s 
bu t n o t o t h e r s ? I s t h i s t e c h n o l o g i c a l o r g a n i z a t i o n l o c a l o r 
widespread? Fur the r work i s r equ i r ed t o r e s o l v e t he se q u e s t i o n s . Even 
t h e a v a i l a b l e d a t a , howeve r , make c l a i m s f o r t h e u n i t y of t h e s e 
d i s p a r a t e e l e m e n t s i n a s i n g l e t r a d i t i o n a p p e a r f o r c e d . G iven t h e 
g e o g r a p h i c and t e c h n o l o g i c a l d i f f e r e n c e s d i s c u s s e d h e r e , t h e o n l y 
c la im for the u n i t y of t he se e lements i s t he b road ly s i m i l a r da t e for 
t h e i r a p p e a r a n c e . As t h e r e i s e v e n d i s a g r e e m e n t o v e r t h e 
s y n c h r o n i c i t y of t h o s e a p p e a r a n c e s (eg . Gould 1969b; J o h n s o n 1979; 
Pearce 1974; White and O'Connell 1982:117-121) the u s e f u l n e s s of the 
"Small Tool Trad i t ion" concept must be s e r i o u s l y ques t ioned . 
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Finally, these regional comparisons of stoneworking organization 
have implications for the explanations of chronological change in 
Austra l ian assemblages. Although the lack of comparable analyses 
meant that i t was not poss ib le to describe the technologica l 
organizations in other regions i t could s t i l l be concluded that they 
were not the same as at Lawn H i l l . Consequently, i t has been argued 
here, for Holocene material, that the methods of manufacture and the 
structure of technology can vary between regions even when there is 
no change in the implement types (see also Hiscock 1986b). Thus even 
when implements are seen as well defined and r e l a t i ve ly standardized, 
as they are in Holocene Aus t ra l i a (Jones 1977), simply l i s t i n g the 
types and the i r frequency does not ident i fy the s t ruc tu re of 
technological a c t i v i t i e s . Hence, previous attempts to define 
chronological trends in a r t e f ac t form and homogeneity cannot be 
in terpre ted as a descr ip t ion of the d i r ec t ion or uniformity in 
technology. This conclusion must a l so be amplified in view of the 
spatial components of technological organization which may affect an 
interpretation of archaeological assemblages, including chronological 
change. 
1 3 . 3 THE SPATIAL DIMENSION OF TECHNOLOGICAL SYSTEMS 
Technological behaviour takes place in a range of contexts. 
Artefacts are required for a variety of tasks, often in a variety of 
composite t o o l s , both near and far from sources of replacement 
materials, and so on. This means that for the technological behaviour 
to be e f fec t ive i t must be sui ted to the contexts in which i t takes 
place. Accordingly, the organizat ion of technology has a s p a t i a l 
component. In Chapter 5 i t was argued that the economics of procuring 
and reducing stone was a major factor shaping technological change 
across the landscape at Lawn Hi l l and at other places in Australia. 
I t has already been concluded tha t a t Lawn H i l l the extensive 
rationing of avai lable stone is the main determinant of assemblage 
va r i a t ion and tha t t h i s may preclude inferences of seasonal and 
functional differences between si tes from artefact assemblages. What 
remains to be d i s c u s s e d i s how t h i s form of t e c h n o l o g i c a l 
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organisation, the extensive transportation and the rationing of rare 
materials, may have affected previous interpretations of the 
archaeological record. 
The effects of raw material properties on manufacturing 
activities was shown to be pronounced at Lawn Hill. At nimierous sites 
across Australia, changes in the composition of assemblages coincide 
with changes in the proportions of raw materials (eg. Johnson 1979; 
Jones 1977:194; Morwood 1981:30). This coincidence suggests that the 
degree and nature of change may often have been affected by the 
mechanical differences between materials, and on some occasions the 
change may have been caused by those differences. Furthermore, since 
the materials often crop-out in different parts of the landscape, 
changes in raw material use may have been accompanied by changes in 
the degree of rationing. Whilst the effect of this factor on 
chronological change could be at least partially eliminated simply by 
measuring change on only one raw material (eg. Hiscock 1986b), this 
has not generally been done in studies of temporal trends in 
Australian assemblages. 
Rationing can alter the frequency, size and morphology of 
"implements". It is also likely that rationing might affect intensity 
of use, with artefacts in situations where there is little 
replacement stone having more edges used and each unit length of edge 
used more. Moreover, as replacement stone becomes more costly it may 
become increasingly likely that people will seek a functional 
replacement, using even non-stone materials such as wood or shell. In 
this case the range of activities evidenced by stone assemblages may 
be greater close to a stone source. Thus many aspects of assemblages 
which have traditionally been examined may alter in response to the 
cost and logistics of stone procurement. Since the access to stone 
materials varies both within and between regions, where rationing is 
a major component of prehistoric technological structure, the nature 
and timing of chronological changes in assemblage composition might 
vary in response. If this is the case, then pancontinental trends in 
technology will be measurable only when the effects of the local and 
regional differences in site situations can be excluded. This might 
be accomplished by elaborating indices of assemblage composition, 
such as those devised by Kohen, Stockton and Williams (1984), to 
include contextual phenomena. Alternatively, only at sites in regions 
where rationing was not extensive, or in contexts where rationing has 
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had l i t t l e impact on chronological changes, w i l l pancontinental 
trends in technology be direct ly observed. 
When the technological organizat ion of a p r e h i s t o r i c group 
involved ra t ioning , some locat ions in the landscape may have been 
more sensitive than others to chronological variations in economizing 
practices. Artefactual assemblages at s i tes near a quarry are less 
l ikely to have changed through time than those far from the quarry. 
Far from a quarry, the quant i ty of mate r ia l car r ied to a s i t e i s 
l i k e l y to have been more v a r i a b l e than at s i t e s c lose to the raw 
mater ia l source. Away from quar r i e s , small changes in the ra te of 
s tone i m p o r t a t i o n to the s i t e may have g r e a t l y a l t e r e d the 
requirement to ra t ion whereas near quarr ies replacement stone was 
readily available regardless of the rate at which i t was brought to 
the s i t e . In the Lawn H i l l landscape, where greater changes in 
assemblage composition occur spa t ia l ly than chronologically, perhaps 
the re la t ive lack of change at Colless Creek Cave resulted from i t s 
position immediately adjacent to a chert quarry. Certainly the main 
technological changes at Colless Creek Cave occurred with al terat ions 
in the s t r a t eg i e s of procuring chert . Further from sources of 
replacement stone, changes in the degree of ra t ion ing may have 
produced g r e a t e r a l t e r a t i o n s to assemblage form. Thus, in 
technological systems which involve rationing, the changing necessity 
to economise stone during reduction may affect chronological as well 
as spatial variations in artefact assemblages. 
For these r e a s o n s , c h r o n o l o g i c a l change in A u s t r a l i a n 
stoneworking technology, as opposed to artefact morphology, has not 
previously been demonstrated. Temporal change in a r t e f ac t form 
identified at s t rat i f ied si tes may ref lect technological change, but 
these changes may have r e su l t ed from l o c a l f ac to r s , such as 
variations in the access to stone materials. Moreover, such changes 
may reflect al terat ions to the material culture induced by variations 
in stone procurement, but w i thou t change in the t echno logy . 
Differences between regions, and even s i t e s within a region, may 
indicate differences in the form and ava i l ab i l i t y of stone materials, 
rather than technological change through time. Thus, unt i l studies of 
Australian stone artefacts incorporate investigations of the spatial 
s t ruc ture of technologica l systems, and of the effects of raw 
mater ia l p roper t i e s , i t w i l l not be poss ib le to discern l o c a l , 
regional and pancontinental trends in stoneworking technology. 
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While the implications of archaeological research at Lawn Hill, 
especially the findings on rationing, have been used to refute some 
existing methodologies, they can be used to reinforce others. In this 
context the validity of archaeologist's frequent use of cave sites to 
provide chronological frameworks of regional prehistory can be 
tested. 
Although less pronounced today than in earlier decades, 
Australian archaeology has often relied on data from caves and 
rockshelters (Bowdler 1975, 1977:215; Jennings 1979:125; Jones 1985). 
This is particularly true of Pleistocene sites (Jennings 1979:109) 
and of investigations in northern Australia. For example. Flood 
(1983) discusses twelve sites in tropical Australia older than 10,000 
years BP; all are caves or rockshelters. This preference of 
archaeologists for investigating caves is logical in view of their 
ease of discovery, extensive stratification, and relatively good 
preservation of organic materials. Nevertheless, ethnoarchaeological 
and ethno-historic observations in Australia (Gould 1980; Jennings 
1979:106-7; Stockton 1977:343) and elsewhere (eg. Binford 1983:327) 
reveal that, at least in recent centuries, caves and shelters were 
infrequently used by hunter-gatherers. Moreover, these observations 
suggest that occupation may occur for a range of reasons, from long-
term camping to short-term shelter from rain, the procurement of 
food, or the procurement of stone for artefact manufacture. This 
raises the question of whether the nature and intensity of 
activities, and in particular of activities involving stone 
artefacts, which occur in caves is completely representative of 
occupation throughout a region. 
At Lawn Hill the assemblages contained in caves are very similar 
to those observed on nearby open artefact scatters. Three caves were 
excavated within the study area: Mt Jennifer Cave (not described in 
the thesis), Colless Creek Cave and Louie Creek Cave. The last two 
sites are in the southern part of the region and contain 
predominantly chert artefacts. The third site, Mt Jennifer Cave, is 
situated in the north and the majority of artefacts were made on 
greywacke. At this site points made on greywacke are common and 
flakes relatively large. 
Changes in the technological characteristics of artefact 
assemblages in the caves are proportional to the distance to raw 
material sources. Table 13:1 shows that at Colless Creek Cave the 
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frequency of a number of technological features are typical of those 
found at open sites which are within 1 km of a chert source. As 
Colless Creek Cave is positioned only a few hundred metres from 
outcrops of chert, its Holocene assemblage is nearly identical to 
open sites in the same environmental context (Table 13:1). 
Differences in assemblage composition between the two southern 
caves also fits with the inference that rationing took place. For 
example, at Colless Creek Cave, deep inside the gorges, only 0.5-l.OZ 
of the artefacts were made on greywacke and there are no greywacke 
points. In contrast, in the upper levels at Louie Creek Cave, which 
is on the northern margin of the gorge system where access to stone 
in the north is more direct, over 4.0Z of the assemblage is made on 
greywacke, including bifacial points. Thus at Lawn Hill the 
archaeological record in caves is not biased in comparison with non-
cave sites, and so the analysis of stone artefact assemblages from 
caves should permit accurate reconstructions of stoneworking. As 
mentioned previously, however, no single site can be considered 
representative of the entire range of prehistoric behaviour which 
occurred throughout the study area. 
This discussion raises a larger issue, namely the relationship 
between hunter-gatherer activities and the discarded artefacts which 
eventually form the archaeological record. Research at Lawn Hill 
revealed that not only assemblage form but also assemblage size and 
location might have been strongly influenced by the distribution of 
rock outcrops and the economics of stone procurement. Such a 
conclusion has major implications for archaeological approaches to 
prehistoric settlement, and these are explored in the next chapter. 
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THE RESPONSIVENESS OF TECHNOLOGY 
I n t h e p r e v i o u s c h a p t e r a number of i s s u e s were r a i s e d i n an 
A u s t r a l i a n c o n t e x t which can now be d i s c u s s e d a t a g e n e r a l l e v e l . 
Examining t h e e x i s t i n g d e p i c t i o n s of c h r o n o l o g i c a l changes i n 
A u s t r a l i a n p r e h i s t o r i c s t o n e w o r k i n g i n v o l v e d q u e s t i o n s of why 
t e c h n o l o g i c a l changes occurred. At Lawn H i l l many of the changes i n 
t e c h n o l o g y were r e l a t e d t o t h e knapp ing p r o p e r t i e s of t h e s t o n e 
m a t e r i a l s and the economics of p rocur ing and t r a n s p o r t i n g a r t e f a c t s . 
I t was a l s o argued t h a t the ex ten t of c h r o n o l o g i c a l change may vary 
between s i t e s i n d i f f e r e n t l o c a t i o n s . Such conc lus ions r a i s e i s s u e s 
c o n c e r n i n g s p a t i a l d i f f e r e n c e s i n t h e d e g r e e t o which t e c h n o l o g y 
r e sponded t o changes i n o t h e r a s p e c t s of human b e h a v i o u r and t h e 
d e g r e e t o which raw m a t e r i a l form and a v a i l a b i l i t y a f f e c t e d t h e 
work ing and u s e of s t o n e . I n f o r m a t i o n on t h e s e i s s u e s which was 
o b t a i n e d f rom Lawn H i l l h a s i m p l i c a t i o n s n o t o n l y f o r t h e 
i n t e r p r e t a t i o n of A u s t r a l i a n p r e h i s t o r y b u t a l s o f o r a number of 
genera l p r o p o s i t i o n s which a r c h a e o l o g i s t s have developed about the 
s t r u c t u r e , func t ion ing and development of t e c h n o l o g i c a l systems. In 
p a r t i c u l a r , t h e Lawn H i l l s t u d y p r o v i d e s a t e s t of some of t h e 
p r i n c i p l e s w h i c h h a v e b e e n d e s i g n e d t o i d e n t i f y p r e h i s t o r i c 
demography and food procurement p r a c t i c e s by measuring a r c h a e o l o g i c a l 
a r t e f a c t s . Th i s c h a p t e r examines t h e f o l l o w i n g f i v e s p e c i f i c 
p r o p o s i t i o n s : 
1. That the dimensions of, and q u a n t i t y of a r t e f a c t s on, a 
s i t e i s l a r g e l y a p r o d u c t of t h e number of o c c u p a n t s and i s 
o n l y m i n i m a l l y a f f e c t e d by e n v i r o n m e n t a l o r t e c h n o l o g i c a l 
f a c t o r s . 
2. That h u n t e r - g a t h e r e r s e t t l e m e n t s t r a t e g i e s a r e r e f l e c t e d i n 
the s p a t i a l arrangement of m a t e r i a l c u l t u r e . 
3. That s t o n e w o r k i n g t e c h n o l o g y r e s p o n d s p r i m a r i l y t o 
v a r i a t i o n s i n food procurement s t r a t e g i e s . 
4. That a r t e f a c t morpho logy i s p r i m a r i l y a r e s p o n s e t o t h e 
na tu r e of s t y l i s t i c in format ion and t o o l use . 
5. A r t e f a c t a s s e m b l a g e s v a r y l a r g e l y as a r e s u l t of food 
procurement s t r a t e g i e s . 
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These statements about the way humans make, use and discard stone 
artefacts have often formed the basis for inferences about the past. 
Archaeological findings at Lawn Hill, particularly the demonstration 
of the important influence of raw material properties and raw 
material supply upon the form and distribution of artefacts, suggest 
that these propositions do not apply in all circumstances. By 
critically reassessing these propositions, and by juxtaposing them 
with the archaeological evidence from Lawn Hill, this chapter 
discusses their weaknesses and highlights avenues of future research 
which may aid their reformulation. 
14.1 ESTIMATING THE SIZE OF PREHISTORIC POPULATIONS 
Clusters of artefacts have been used to estimate the size of 
prehistoric populations. Hassan (1981:63-93) summarized the 
principles used to derive these estimates by stating that the 
underlying assumption is that there is a causal and positive 
correlation between population size and site dimensions. Problems 
arise because there is little agreement about the nature of the 
relationship, and because the correlation is often weak, implying 
that any given settlement space may have been inhabited by a wide 
range of population sizes (cf. Williams 1985). Despite this, such 
estimates have often been used because they are accompanied by the 
implicit assumption that population size is the only variable which 
might have had a major effect on the area over which artefacts are 
distributed. This assumption is questionable at most archaeological 
sites, especially unstratified ones, in which contemporaneity of site 
formation processes at various portions of the site cannot readily be 
determined. Observations of cultural and non-cultural mechanisms 
which reduce or increase the area over which artefacts are scattered 
also threaten the accuracy of population estimates (Binford 1983:321-
23; Foley 1981c; Jones 1980). Despite these complexities in 
archaeological estimates the argument that population size is the 
main determinant of site area is still largely unchallenged (cf. 
Casselberry 1973; Hassan 1981:64). Recent ethnoarchaeological work by 
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O'Connell (1987:103-4) has demonstrated that the size, content, and 
organization of contemporary Aboriginal campsites result from a 
number of factors, including environmental phenomena such as seasonal 
variations in climate. It was environmental context which appeared to 
be a major factor affecting site size at Lawn Hill. 
The finding that at Lawn Hill site size is inversely correlated 
to distance from sources of flakeable stone, may indicate that in 
this region the number of prehistoric occupants is not the best 
explanation for site dimensions. The archaeological pattern may 
simply reflect the fact that prehistoric people were attracted to 
areas with stone outcrops, and that the centre of the study area was 
occupied only briefly and by small groups. It cannot be denied, 
however, that the pattern might also have resulted from different 
discard behaviour away from stone sources, whereby artefacts were 
retained and used for a long time and artefact maintenance and 
discard took place only in one portion of the area which was 
occupied. If, in some contexts, activities were structured in this 
way then the size of artefact scatters will not always have had a 
simple or direct relationship with the number of occupants. Future 
ethnoarchaeological and archaeological work might investigate this 
possibility. 
Population size has also been estimated from the quantity of 
stone artefacts discarded at a site. Researchers have employed the 
discard rate as a measure of relative population, using the principle 
that the number of artefacts discarded by each individual remains 
constant and so increased discard rate reflects more people occupying 
the site (cf. Ross 1985:82-3). Schiffer (1976, 1983) has pointed out 
that the number of artefacts discarded can vary between individuals 
or between the same individual at different times. Discard rates are 
a product of at least six factors (Ammerman and Feldman 1974; Binford 
1977; Hiscock 1981; Schiffer 1976): 
1. The quantity of debris produced in manufacturing each tool. 
2. The number of tools used at one time. 
3. The amount of use to which each tool is subjected. 
4. The length of time between uses of a tool. 
5. The location of artefact discard. 
6. The rate at which previously discarded artefacts were 
scavenged. 
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Consequently, the r a t e of a r t e f ac t accumulation depends on the 
technology employed, the ac t iv i t i e s in which artefacts are used, and 
the economic context of a r t e fac t manufacture and use. Only a few 
projects have attempted to i n t e r p r e t discard ra tes by quantifying 
these variables (eg. Odell 1980; Schiffer 1976). More often, r e la t ive 
changes in population sizes have been inferred from increases and 
decreases in a r t e fac t discard ra tes or from synchronous changes in 
the ra te at which a r t e f ac t s and faunal remains accvimulated. The 
former approach runs the r i sk of merely equating the number of 
artefacts and the number of people, whereas the l a t t e r approach may 
fa i l to control dif f icul t ies in the interpretation of faunal material 
as well as stone (Hiscock 1981). 
Archaeological i nves t iga t ions at Lawn Hi l l revealed that the 
likelihood of artefacts being discarded varied in a regular fashion 
across the study area. At locations far from sources of replacement 
stone, a r t e fac t s were used and maintained more i n t e n s i v e l y , thus 
lowering the discard rate. Only r e l a t ive ly small quantities of stone 
were carr ied in to the centre of the study area, and once there they 
were knapped c a r e f u l l y and s p a r i n g l y . The a r c h a e o l o g i c a l 
manifestation of t h i s behaviour, described in Chapter 4, was a 
negative relationship between the numbers of artefacts, both on and 
off s i t e s , and the d i s t a n c e from sources of s t o n e . In such 
circumstances i t is not possible to interpret spatial variation in 
the abundance of material as even a r e l a t ive indicator of the numbers 
of prehistoric people. This conclusion would also apply at a larger 
sca le , where the occupants of some regions obtained stone only by 
long distance t r ips to quarries or by exchange, and the occupants of 
neighbouring regions had access to numerous stone sources. Regional 
differences in the quantity of stone artefacts could not be used as a 
re l iab le indicator of the number of people in each region. In these 
circumstances i t would a l so be impossible to secure ly i n t e rp re t 
chronological changes in discard r a t e s as r e l a t i v e changes in 
population size unless i t could be demonstrated that there were no 
alterations in the rate or nature of stone rationing. 
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In view of the in fe rences drawn from the Lawn H i l l da t a , fu tu re 
a t t e m p t s t o d e r i v e e s t i m a t e s of p r e h i s t o r i c p o p u l a t i o n from s t o n e 
a r t e f a c t s c o u l d p r o f i t a b l y p u r s u e s e v e r a l l i n e s of i n q u i r y . 
I n i t i a l l y , i t w i l l be necessary to d i s c o v e r how widespread s i m i l a r 
r a t i o n i n g sys t ems were , and w h e t h e r or n o t t h e e f f e c t s o b s e r v e d a t 
Lawn H i l l a r e t y p i c a l . C l e a r l y , i t i s i m p o r t a n t t o d e t e r m i n e t h e 
sources of s tone m a t e r i a l and the ex ten t to which the a v a i l a b i l i t y of 
s t o n e a f f e c t e d d i s c a r d r a t e s . I f raw m a t e r i a l r a t i o n i n g was a 
widespread component of h u n t e r - g a t h e r e r t e c h n o l o g i c a l systems, then 
q u e s t i o n s of demograph ic change t h r o u g h t i m e may need t o be 
r e s t r i c t e d t o s i t e s which c o n t a i n s t o n e o n l y from a v e r y l a r g e and 
c l o s e source. In s i t u a t i o n s where r a t i o n i n g occurred , i n v e s t i g a t i o n s 
of the s p a t i a l d i s t r i b u t i o n of people may have t o be abandoned u n l e s s 
i t can be shown t h a t t h e r e i s a r e g u l a r and t i g h t r e l a t i o n s h i p 
be tween s i t e c h a r a c t e r i s t i c s , numbers of o c c u p a n t s and e x t e n t of 
r a t i o n i n g . D e r i v i n g such an e q u a t i o n from e t h n o a r c h a e o l o g i c a l 
o b s e r v a t i o n s may be d i f f i c u l t s i n c e few c o n t e m p o r a r y human g roups 
h a b i t u a l l y use s tone i n a l l s i t u a t i o n s or ca r ry the s tone around the 
l a n d s c a p e on f o o t . I n a d d i t i o n , t h e r e c o u l d h a v e been s e v e r a l 
d i s t i n c t sys t ems of r a t i o n i n g , e ach of which migh t r e q u i r e a 
d i f f e r e n t e q u a t i o n . I s s u e s such as t h e s e w i l l need t o be r e s o l v e d 
before the demography of p r e h i s t o r i c h u n t e r - g a t h e r e r i s a c c e s s i b l e to 
a r c h a e o l o g i s t s . 
14.2 STUDIES OF PREHISTORIC HUNTER-GATHERER SETTLEMENT 
The s p a t i a l a r r a n g e m e n t of a r c h a e o l o g i c a l m a t e r i a l c u l t u r e 
w i th in the landscape i s g e n e r a l l y b e l i e v e d t o be a r e f l e c t i o n of pas t 
s e t t l e m e n t p a t t e r n s . I n p a r t i c u l a r , i t i s o f t e n a r g u e d t h a t t h e 
d i s t r i b u t i o n of m a t e r i a l c u l t u r e r e f l e c t s t h e l o c a t i o n and 
s t r u c t u r i n g of food procurement. This p r i n c i p l e i s c l e a r l y o b s e r v a b l e 
i n those s t u d i e s which seek t o e x p l a i n s i t e l o c a t i o n by r e f e r ence to 
t h e e n v i r o n m e n t s u r r o u n d i n g t h e s i t e . S i t e c a t c h m e n t m e t h o d o l o g y 
d e v e l o p e d by V i t a - F i n z i and Higgs (1970) a s s e s s e s t h e e c o l o g i c a l 
c o n t e x t of s i t e s , c o n c e n t r a t i n g on f a c t o r s t h a t a f f e c t t h e 
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productivity and seasonal variation of fauna and flora (cf. Bailey 
and Davidson 1983; Roper 1979:126-7). Using the primary principle of 
the site exploitation territory approach, that resource usage was 
distance dependent and hence most activities were carried out close 
to residential bases, a number of archaeologists have modeled the 
expected location of archaeological artefacts based on palaeo-
environmental reconstructions of organic materials, particularly 
edible ones (eg. Foley 1977, 1981a; Keene 1981:190-194; Peterson 
1973; Thomas 1972, 1973). 
The expectation that hunter-gatherer settlement strategies were 
based on the daily exploitation of a home range is supported by a 
number of ethnographic and primatological studies (cf. Binford 
1983:341; Clastres 1972; Isaac 1981). Binford (1983) has described 
variations in hunter-gather settlement strategies in terms of the 
relationship between food procurement and the use of residential 
bases, and has argued for a continuum between two extremes: foragers 
and collectors. Foragers are those groups who leave their residential 
bases daily to obtain food and return to those bases before evening. 
Binford (1983:339) claimed that such strategies generally do not 
involve food storage and necessitate frequent moves of the 
residential base as resources are depleted. In contrast, collectors 
are those groups which obtain food by sending out parties to procure 
and process specific resources. Binford (1983:344) claimed that this 
strategy generally employs food storage and the residential base can 
be less mobile because non-local resources are frequently carried in. 
Binford (1983:349-52) hypothesised that collecting will be more 
likely to occur in environments which contain spatial and seasonal 
variations in food resources. 
There appears to be no reason why organic, and particularly 
edible, resources should be the only ones to have these effects upon 
hunter-gatherer settlement strategies. Similar models could be, and 
have been, formulated to explain the interaction of stone procurement 
for artefact manufacture and settlement patterns (eg. Munday 1976). 
Some locations within the landscape might be preferable to others 
because they provide greater access to sources to flakeable stone. At 
Lawn Hill archaeological residues, both sites and non-sites, were 
clearly related to the availability of inorganic raw materials, and 
it was suggested in Chapter 4 that this might indicate that 
prehistoric settlement was largely centred around those parts of the 
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landscape which provided flakeable stone in addition to food and 
water. 
Even the forager/collector dichotomy in settlement strategy 
devised by Binford could have a parallel in the procurement of 
inorganic resources. Hunter-gatherers occupying a landscape with 
uniformly distributed sources of knappable stone might procure small 
quantities whenever needed and return to residential bases to work 
the stone. Stockpiling stone might be rare in such circumstances and 
frequent moves in the residential base might be partly conditioned by 
the depletion of locally available stone suitable for artefact 
manufacture. Hunter-gatherers occupying a landscape in which stone 
crops out infrequently might send out parties to procure and process 
stone. In such circumstances the residential base could be less 
mobile, and there may be a greater tendency to store and ration 
stone material between expeditions to gather it. 
The relative weighting of food and stone resources in 
prehistoric decisions about site location is not an issue 
investigated here. What is of interest is the proposition that the 
distribution of archaeological artefacts necessarily indicates the 
pattern of prehistoric settlement and food procurement. The strong 
relationship at Lawn Hill between the location, size and content of 
sites and the distance to quarries indicates that access to stone 
material was a factor affecting the distribution of artefacts. As 
mentioned above, one explanation for the archaeological patterns at 
Lawn Hill is that prehistoric settlement was organized with regard to 
the distribution of exploitable rock outcrops, and that the 
procurement of food resources was not the sole criterion for activity 
location. A second possible explanation for these archaeological 
artefact distributions is that irrespective of the cause of 
prehistoric settlement patterns at Lawn Hill, stone artefacts in that 
region do not accurately indicate past activity locations. 
Discussions of the relationship between hunter-gatherer 
settlement patterns and the use and discard of material culture have 
often been broadly based on the proposition that artefact discard is 
largely random (cf. Isaac 1981). Artefact loss at any location would 
then be directly proportional to the intensity of human activities. 
Ethnographic observations suggest that this is not the case in 
several situations. For example, if artefacts are used on a number of 
occasions, then the spatial correlation of the location of 
289 
Chapter 14 
prehistoric activities and contemporary residues may be low. Binford 
(1977), observing Eskimo hunting, suggested two mechanisms which 
affect the probability and location of artefact discard. Firstly, he 
argued that in such circumstances the rate at which tools were 
discarded was dependent on the life-span of the artefact, not on the 
frequency of the activity in which it was used. Consequently, a small 
number of highly re-used artefacts can represent the intensive use of 
one location, but at another location a large number of slightly used 
artefacts might represent very sparse activities. Secondly, artefacts 
which were used and maintained for long periods were generally 
repaired and discarded at a residential base, not at the location of 
use. Observations of stone axe use in New Guinea led White and 
Modjeska (1978:285) to doubt the universality of this second 
mechanism because despite being maintained for years most axes were 
still lost during use. Archaeological evidence also indicates that on 
some occasions frequently re-used artefacts were discarded at 
quarries rather than residential bases (eg. Gramly 1980). Thus in 
some regions there was a spatial relationship between the location of 
artefact discard and the location of artefact use, although the 
correlation only exists for the final use of the artefact (White and 
Modjeska 1978:277; see also Hayden 1976:51-3). Most ethnographic 
observations, however, indicate that the rate of artefact loss varies 
with the nature of activities and their location in the landscape, 
thereby creating a variable and sometimes weak correlation between 
the intensity of activities and the numbers of artefacts. 
A similar conclusion was reached in the archaeological research 
at Lawn Hill. Artefact discard in most portions of the study area 
appears to have been proportional to the availability of replacement 
stone or permanent water. In the case of tulas the probability of 
discard was also related to the nature of woodworking activities 
which were carried out. Such arguments cast doubt on the principle 
that settlement patterns are the sole cause of variations in the 
frequency of archaeological residues and raise the issue of what 
stimuli stone-using behaviour responds to and in what circumstances 
it does so. 
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1 4 . 3 THE RESPONSIVENESS OF TECHNOLOGY 
The p r o p o s i t i o n i n s e t t l e m e n t s t u d i e s t h a t technology, and hence 
m a t e r i a l c u l t u r e , i s determined by subs i s t ence a c t i v i t i e s r a i s e s the 
i s s u e of the in terdependence of t e c h n o l o g i c a l systems w i th in h u n t e r -
g a t h e r e r economic b e h a v i o u r . I f s t o n e w o r k i n g t e c h n o l o g y was 
comple te ly independent of o ther economic a c t i v i t i e s then technology 
would va ry on ly i n response to f a c t o r s which a f fec ted the na tu re and 
a v a i l a b i l i t y of s t o n e , t h e s k i l l of k n a p p e r s and t h e t e c h n i c a l 
p r o b l e m s a s s o c i a t e d w i t h making a r t e f a c t s . C l e a r l y , s t o n e w o r k i n g 
technology may never be independent to t h i s degree s ince a r t e f a c t s 
a r e o f t e n employed a s t o o l s i n o t h e r a c t i v i t i e s . Many s t u d i e s of 
s tone a r t e f a c t s t ake t h i s f unc t i ona l view t o i t s l o g i c a l extreme and 
argue t h a t stoneworking technology e x i s t s on ly as an a id i n a range 
of o t h e r a c t i v i t i e s , p r i m a r i l y food p rocur ing and process ing . This 
l o g i c demands t h a t t h e o n l y f a c t o r s which c o n d i t i o n t h e form and 
d i s t r i b u t i o n of m a t e r i a l c u l t u r e a r e t h e l o c a t i o n and t y p e of 
subs i s t ence a c t i v i t i e s . The d e g r e e t o which t e c h n o l o g y r e s p o n d s t o 
the environment and t o s e t t l e m e n t o r g a n i s a t i o n i s an i s s u e which has 
been a d d r e s s e d i n a number of s t u d i e s of p r e h i s t o r y i n C e n t r a l and 
South America. 
Sheets (1974) i n v e s t i g a t e d the r a t e of c h r o n o l o g i c a l change i n 
f i v e d i f f e r e n t a r t e f a c t t e c h n o l o g i e s : ch ipped s t o n e , ground s t o n e , 
p o l i s h e d s tone , worked bone, and f i r e d c l a y . At the Chalchuapa s i t e 
i n E l S a l v a d o r , S h e e t s (1974:311) found t h a t t h e c h i p p e d s t o n e 
i n d u s t r y changed more s lowly than the o ther i n d u s t r i e s , and concluded 
t h a t the chipped s tone i n d u s t r y was " . . . r e l a t i v e l y c o n s e r v a t i v e and 
s t a b l e " . Sheets (1974:312-313) exp la ined t h i s slowness of change i n 
i n s e v e r a l ways . He s u g g e s t e d t h a t s t o n e w o r k i n g a t t h e s i t e was 
d i r e c t e d towards t h e p r o d u c t i o n of m a i n t e n a n c e t o o l s c a p a b l e of 
c u t t i n g , sc rap ing and p i e r c i n g , and t h a t through time t h e r e were no 
major changes i n t he r o l e of these a c t i v i t i e s w i t h i n the a g r i c u l t u r a l 
economy. S h e e t s a l s o c l a i m e d t h a t t h e m u l t i f u n c t i o n a l n a t u r e of 
ch ipped s t o n e a r t e f a c t s made t h e t e c h n o l o g y more r o b u s t and l e s s 
i n f luenced by s m a l l changes i n a c t i v i t i e s than the more u s e - s p e c i f i c 
i n d u s t r i e s . F u r t h e r m o r e , he i m p l i e d t h a t a r t e f a c t s w i t h mundane 
func t ions , such as those chipped from s tone , a re more cons t r a ined i n 
t h e i r form than those ope ra t i ng p r i m a r i l y i n " i d e a t i o n a l spheres" . 
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Binford (1978, 1983:337, 1983:430) argued tha t stone a r t e f a c t 
assemblages at some s i t e s may not respond to changes in hunter-
gatherer economies at a l l , and are therefore not necessarily useful 
ind ica tors of a l t e r a t i o n s in p reh i s to r i c systems. Because food 
procurement ac t iv i t ies vary between s i tes , changes in one component 
of subsistence strategies wi l l not necessarily be reflected in the 
material culture of a l l s i tes . Binford f i r s t framed this proposition 
when discussing Vierra 's (1975) findings from Peru. Vierra had 
undertaken a typological analysis of artefacts from si tes which were 
occupied during the t r a n s i t i o n from hunting and gathering to 
agriculture, and had found no significant changes in the assemblages. 
Vierra (1975:131) concluded that there was no v a r i a b i l i t y in the 
stone artefacts which had meaning in terms of adaptation: 
... although l i t h i c assemblages look a l i k e 
s tructural ly as measured by re la t ive percentages 
and f r e q u e n c i e s , the s i t e f u n c t i o n s or 
u t i l i z a t i o n as measured by subs is tence-re la ted 
behavioural s t r a t eg i e s may in fact be very 
different. 
Binford (1978:496-7, 1983:430) accepted this conclusion and suggested 
that the lack of responsiveness may be due to the loca t ion and 
function of the s i tes . Phagan (1976) investigated this proposition by 
examining the unretouched f lakes in Vierra 's assemblages from a 
technological perspect ive , and found tha t there was a subs t an t i a l 
amount of technological variation in the a r t e f a c t u a l assemblages, 
much of which coincided with the changes in subsistence pa t te rns 
which Vierra had identified. This suggests that the unresponsiveness 
lay in the archaeological methods, and not in the p reh i s to r i c 
material culture. 
Inves t iga t ions at Lawn H i l l confirm t h i s conclusion on two 
l e v e l s . F i r s t l y , examinations of unretouched f lakes and cores 
indicated spatial and temporal changes in technology which were not 
apparent in implements. This finding s t r e s se s the importance of 
seeking a variety of perspectives on stone assemblages in assessing 
the issue of the responsiveness of technology. Secondly, the 
perceived f a i l u r e of technology to change in response to an 
a l tera t ion in one aspect of hunter-gatherer behaviour, such as in the 
form of food procurement, does not necessarily mean that stoneworking 
technology is unresponsive to change in a l l aspects of behaviour. At 
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Lawn Hill, the location of stoneworking and probability of artefact 
discard were found to be highly responsive to spatial variations in 
the distribution of resources, including non-edible items. Human 
economic and ecological systems consist of much more than merely a 
quest for food, and indeed, procuring and processing of food entails 
a constellation of behaviour patterns (such as the degree and pattern 
of mobility, foraging and hunting strategies, tool preparation and 
food processing). In any situation, stoneworking might be geared to a 
combination of these behaviours, or to none. Nevertheless, it is true 
that assemblages in some portions of the Lawn Hill region, such as 
areas distant from and adjacent to quarries, respond to raw material 
shortages to very different extents. This suggests that, as Binford 
has implied, even when stoneworking is responsive to a particular 
factor, the strength and form of its response may vary spatially. 
Thus, while Binford is correct to argue that stone artefact 
assemblages need not be highly responsive to changes in hunter-
gatherer behaviour, this Lawn Hill study provides another instance in 
which stoneworking technology and hence material culture was 
extremely responsive. A complete absence of response in stone 
assemblages is yet to be conclusively demonstrated. Future research 
should investigate precisely which aspects of prehistoric systems do 
provoke changes in technological behaviour, and whether or not such 
relationships vary with site location as Binford suggests. However, 
if stoneworking technologies are, at some level, often responsive to 
changes in the environment and/or settlement and subsistence 
organisation then the important question is "by what mechanism does 
this response occur?" It was argued above that the distribution of 
archaeological stone artefacts do not necessarily reflect food 
procurement strategies. A similar argument is now made to the effect 
that archaeological artefact form, and the prehistoric technology 
which produced it, does not necessarily reflect only the function of 
the artefacts. 
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14.4 FUNCTION AS AN EXPLANATION OF TECHNOLOGY 
Food procuring strategies have been used not only to explain the 
location of sites, but also to account for the assemblages of stone 
artefacts they contain. One rationale for such arguments is that 
seasonal contrasts in faunal, floral and water resources is the major 
cause of short-term change in a hunter-gatherer activities (Binford 
1978:484). These seasonal variations in activity are believed to be 
manifested in the material culture of the group because a different 
'tool-kit' would be required for each activity. Binford (1983:356) 
therefore expected to find correlations between the degree of 
seasonality in environments and the degree of assemblage difference, 
reflecting the effects of the environment upon both mobility and 
activity type. 
A number of archaeologists have employed similar functional 
models to explain spatial and temporal variations in prehistoric 
material culture (eg. Clark 1959; Kleindienst 1961; White and 
Peterson 1969). Even morphological attributes of individual artefacts 
have been explained in terms of their assumed function (eg. Bordes 
1973; Fergusson 1980; Sackett 1977:371; Shawcross 1964; Wilmsen 
1968). There are diverse opinions about the degree to which function 
acts independently to determine the nature of material culture. 
Sackett (1977:370) argued that function and style are equally 
responsible for any artefact or assemblage and that the two factors 
cannot be discussed separately, although he was uncertain of the 
extent to which this applied to stone artefacts (Sackett 1977:373). 
Accordingly, he stated that variations in assemblage composition are 
equally, and completely, explained in terms of style and function. At 
the other extreme are those who argue that implements are created for 
either stylistic or functional purposes and hence assemblage 
variation can be explained by reference to one or the other (eg. 
Clegg 1977; Isaac 1972). Perhaps the most detailed application of 
this view was that the variability in Mousterian assemblages could be 
explained in functional terms. Binford and Binford (1966, 1969) 
proposed that each implement type had a primary function and that the 
frequency of any particular implement type in the assemblage was 
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p r o p o r t i o n a l to the frequency of the a c t i v i t i e s i n which i t was used. 
Using t h e s e a s s u m p t i o n s , B i n f o r d and Binford (1966, 1969) concluded 
t h a t changes i n composit ion of Mouster ian assemblages a re exp la ined 
by the l e n g t h and i n t e n s i t y of occupat ion, and the range and na tu re 
of t a s k s . This i n t e r p r e t a t i o n impl ied t h a t assemblage composit ion was 
h igh ly r e spons ive to changes i n the economy and the environment. 
The func t i ona l response of s tone a r t e f a c t s was ques t ioned by a 
number of r e s e a r c h e r s (eg. C o l l i n s 1969, 1970; M e l l a r s 1970:83-84). 
Bordes (1972) q u e r i e d t h e a b i l i t y of t h i s p r i n c i p l e t o e x p l a i n t h e 
Mouster ian da ta and h i g h l i g h t e d s e v e r a l empi r i ca l d i f f i c u l t i e s wi th 
t h e f u n c t i o n a l m o d e l . He p o i n t e d ou t t h a t i f a s s e m b l a g e s r e f l e c t 
a c t i v i t i e s as d i f f e r e n t as l i v i n g s i t e s , hunt ing s i t e s and workshops, 
then the a s s o c i a t e d fauna l remains should show c o n s i s t e n t and r e l a t e d 
d i f f e r ences , which they do not . Bordes (1972:144) a l s o concluded t h a t 
" . . . c l imat ic and t y p o l o g i c a l v a r i a t i o n s a re not l inked. . ." , something 
t h a t might be expected i f assemblage v a r i a t i o n r e f l e c t s f unc t i ona l 
d i f f e r e n c e s . M o r e o v e r , Bordes (1973) a r g u e d , i f t h e B i n f o r d s were 
c o r r e c t , i t i s s u r p r i s i n g t h a t two or more a c t i v i t i e s a re not c a r r i e d 
out t oge the r , g i v i n g mixed assemblages . 
At a more t h e o r e t i c a l l e v e l , I suggest t h a t even i f f u n c t i o n a l 
d i f f e rences did c o n t r i b u t e d i r e c t l y t o a s s e m b l a g e c o m p o s i t i o n , t h e 
t e c h n o l o g i c a l system which produces m a t e r i a l c u l t u r e i s so complex 
and dynamic t h a t r e l a t i o n s h i p s be tween p r e h i s t o r i c a c t i v i t i e s and 
a r c h a e o l o g i c a l d e b r i s a r e n o t a l w a y s e a s i l y o b s e r v e d . I n many 
stoneworking t e c h n o l o g i e s i t i s d i f f i c u l t t o d i s t i n g u i s h t o o l s and 
manufacturing d e b r i s on morphologica l grounds because the major i ty of 
t o o l s a r e u n r e t o u c h e d f l a k e s (eg . F u l l a g a r 1982 :75 ; Hayden 1977a; 
K e e l e y 1 9 8 0 ; O d e l l 1 9 7 7 : 5 0 3 , 5 2 4 ) . I t i s a l s o d i f f i c u l t t o 
d i s t i n g u i s h f i n i s h e d and u n f i n i s h e d i m p l e m e n t s (eg . D i b b l e 1987; 
Holmes 1891, 1892; F lenniken 1985). Resharpening and r e h a f t i n g t o o l s 
of ten i n v o l v e s d r a m a t i c a l l y changing t h e i r s i z e and shape (eg. Dibble 
1987; F l e n n i k e n 1985 ; J e l i n e k 1976; Wheat 1976) . F u r t h e r m o r e , a 
m u l t i f u n c t i o n a l t o o l may show r e l a t i v e l y l i t t l e s p a t i a l a s s o c i a t i o n 
with the o the r d e b r i s , i n c l u d i n g f auna l remains, which r e s u l t e d from 
the a c t i v i t i e s i n which i t was used. Hence, s p a t i a l c o - v a r i a t i o n of 
a r t e f a c t t y p e s and f a u n a l d e b r i s i s n o t an a p p r o p r i a t e t e s t of t h e 
degree to which func t ion causes a r t e f a c t morphology. 
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Problems a s s o c i a t e d wi th the i n v o c a t i o n of func t ion t o e x p l a i n 
technology extend even f u r t h e r because t e c h n o l o g i c a l behaviour may 
n o t r e s p o n d s o l e l y , o r even i n a l a r g e p a r t , t o t h e r e q u i r e d 
func t ions of s tone a r t e f a c t s . A c o r r e l a t i o n between a c t i v i t i e s which 
p r o c e s s o r g a n i c m a t e r i a l s and t h e n a t u r e of s t o n e a r t e f a c t 
a s s e m b l a g e s w i l l be found o n l y i f a s s e m b l a g e s a r e ' t o o l - k i t s ' and 
t h e i r c o m p o s i t i o n i s an a c c u r a t e r e f l e c t i o n of a c t i v i t y . Empi r ica l 
s t u d i e s of a r c h a e o l o g i c a l assemblages i n d i c a t e t h a t t h i s i s o f t en not 
the case . In p a r t i c u l a r , i t appears t h a t a d d i t i o n a l f a c t o r s such as 
the p r o p e r t i e s and a v a i l a b i l i t y of the s tone have a major a f f e c t upon 
s i t e c o n t e n t . As d e s c r i b e d i n C h a p t e r 5, a number of r e c e n t s t u d i e s 
of Mouster ian assemblages have emphasised t he r o l e of raw m a t e r i a l 
and t e c h n o l o g y i n s h a p i n g a r t e f a c t form and assemblage composit ion 
(eg. Dibble 1984, 1985, 1987; F ish 1976; Munday 1976). 
Using s i m i l a r arguments, t he a r c h a e o l o g i c a l assemblages a t Lawn 
H i l l which were r epor t ed i n t h i s t h e s i s have been i n t e r p r e t e d t o be 
t h e r e s u l t of r e s p o n s e s by t h e p r e h i s t o r i c s t o n e w o r k e r s t o 
e n v i r o n m e n t a l c o n d i t i o n s . The components of t h e e n v i r o n m e n t which 
a p p e a r t o h a v e a f f e c t e d t h e k n a p p e r s were n o t t h e n a t u r e of food 
r e s o u r c e s , but r a t h e r the n a t u r e and d i s t r i b u t i o n of g e o l o g i c a l and 
w a t e r r e s o u r c e s . Raw m a t e r i a l s i z e , shape and f r a c t u r e p r o p e r t i e s 
were a dominant f a c t o r i n the choice of r e d u c t i o n s t r a t e g i e s and the 
s i z e and shape of t h e p r o d u c t s , i n c l u d i n g r e t o u c h e d f l a k e s . 
C o n s e q u e n t l y t h e r e a r e d i s t i n c t c o r r e l a t i o n s b e t w e e n " implement" 
t y p e s and raw m a t e r i a l t y p e s , and r e g i o n a l v a r i a t i o n s i n t h e 
p ropor t i ons of v a r i o u s implements as a r e s u l t of g e o l o g i c a l p a t t e r n s . 
The n a t u r e of p r e h i s t o r i c knapping was a l s o s t i m u l a t e d by changes i n 
the a v a i l a b i l i t y of replacement s tone . Access t o knappable s tone was 
d e t e r m i n e d n o t o n l y by t h e l o c a t i o n of o u t c r o p s b u t a l s o by t h e 
p a t t e r n of movement about t he l andscape , which i n t u r n was r e l a t e d to 
o t h e r r e s o u r c e s , such as food , w a t e r , and o t h e r p e o p l e . I t was t h e 
r e - l o c a t i o n of s tone p rocur ing and working a c t i v i t i e s t h a t prompted 
c h r o n o l o g i c a l changes i n t he s i z e and composi t ion of assemblages i n 
caves on C o l l e s s Creek and Louie Creek. 
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These c o n c l u s i o n s a r e d i f f i c u l t t o r e c o n c i l e w i t h p u r e l y 
func t iona l exp l ana t i ons of t e c h n o l o g i c a l behaviour and a r t e f a c t form. 
As d i s c u s s e d a b o v e , B in fo rd (1983:356) h y p o t h e s i z e d a c o r r e l a t i o n 
between the degree of s e a s o n a l i t y i n environments and the degree of 
i n t e r - s i t e a s s e m b l a g e v a r i a t i o n . Th is p r i n c i p l e i m p l i e s t h a t t h e 
c o m p o s i t i o n of a r t e f a c t a s s e m b l a g e s w i l l n o t h a v e r e s p o n d e d t o 
environmental c h a r a c t e r i s t i c s which a re non- seasona l . Throughout t h i s 
t h e s i s i t has been a r g u e d t h a t t h i s was n o t t h e c a s e a t Lawn H i l l , 
where a s s e m b l a g e v a r i a t i o n i s l a r g e l y r e l a t e d t o e n v i r o n m e n t a l 
c h a r a c t e r i s t i c s which a r e b o t h n o n - s e a s o n a l and i n o r g a n i c . I n t h i s 
chapter i t has been argued t h a t food procurement and food process ing 
may h a v e been o v e r e m p h a s i s e d as a s i t e f o r m a t i o n p r o c e s s i n o t h e r 
r e g i o n s . 
Th is c o n c l u s i o n does n o t deny t h a t f u n c t i o n a l or s t y l i s t i c 
f a c t o r s may p l a y a r o l e i n de termining the form of s tone a r t e f a c t s . 
What t h i s chap te r , and indeed t h i s t h e s i s , has demonstrated i s t h a t 
o ther f a c t o r s may sometimes p l a y a s u b s t a n t i a l r o l e i n determining 
assemblage composit ion. The importance of technology and raw m a t e r i a l 
i n s h a p i n g a r c h a e o l o g i c a l a r t e f a c t s i s c u r r e n t l y r e c e i v i n g 
r e c o g n i t i o n , and t h e r e a r e c l a i m s t h a t such r e c o g n i t i o n may 
e v e n t u a l l y make i t p o s s i b l e t o i s o l a t e t h o s e a s p e c t s of a r t e f a c t 
morphology which r e l a t e t o t e c h n o l o g y , s t y l e , f u n c t i o n and raw 
m a t e r i a l (eg. Dibble 1985, 1987). D i sen t ang l ing the c o n t r i b u t i o n s of 
t h e s e v a r i o u s f a c t o r s t o t h e form of a s p e c i f i c a r t e f a c t o r 
a s s e m b l a g e w i l l be a c o m p l i c a t e d t a s k , and one which migh t o n l y be 
success fu l a t a gene ra l l e v e l . For example, i t would be d i f f i c u l t t o 
d i f f e r e n t i a t e t h e a c c e p t a b l e b u t u n i n t e n d e d m e c h a n i c a l and 
t e c h n o l o g i c a l e f f e c t s of raw m a t e r i a l p r o p e r t i e s on a r t e f a c t form 
from the s e l e c t i o n of raw m a t e r i a l s which g i v e an a r t e f a c t s u i t e d to 
a p a r t i c u l a r f u n c t i o n (cf . Gould and Sagge r s 1985) . N e v e r t h e l e s s , 
r e cogn i t i on of the d i v e r s i t y of f a c t o r s t h a t i n f l u e n c e stoneworking 
w i l l p r e v e n t t h e u s e of s i m p l i s t i c p r i n c i p l e s t o i n t e r p r e t 
a r c h a e o l o g i c a l m a t e r i a l s . 
Thus , t h e a r c h a e o l o g i c a l i n v e s t i g a t i o n s a t Lawn H i l l s u p p o r t 
o ther s t u d i e s which have concluded t h a t p r e h i s t o r i c stoneworking was 
not always adequa t e ly exp la ined s o l e l y i n terms of the e x p l o i t a t i o n 
of b i o t i c r e s o u r c e s and t h e i n v o l v e m e n t of s t o n e a r t e f a c t s i n t h e 
p rocess ing of such organ ic i t ems . This s ta tement should not be taken 
297 
Chapter 14 
as an argument that stoneworking technologies are unresponsive or 
that archaeological stone artefacts contain little information about 
prehistoric human behaviour. Rather, this functional viewpoint is 
rejected in favour of one which expressly accepts that technology 
responds to, and is reflective of, the environmental and economic 
circumstances of the knappers, but that the complexity and form of 
technology is subject to more diverse ecological constraints than 
merely food procurement and processing strategies. 
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CURATION AS A TECHNOLOGICAL STRATEGY 
I have suggested that stoneworking technology and artefact form 
is affected by a variety of ecological and economic factors. 
Archaeologists have tried to quantify this relationship by not only 
employing measures of geographic and climatic variation, but also by 
constructing a descriptive classification of different systems of 
stoneworking. The most widely applied description of knapping 
technology is an assessment of the degree to which it involves 
'curation'. The definition and application of the curation category 
varies, but all of the researchers who employ the concept accept that 
environmental and economic factors additional to different artefact 
function are required to explain assemblage variation between 
regions. This chapter discusses the literature about curation and 
makes two points. Firstly, I believe that the concept is poorly and 
inconsistently defined. It has been used as a catch-all term to 
describe a wide range of human behaviour which need not necessarily 
co-exist. I argue in this chapter that the curation concept will need 
to be greatly refined before it develops analytical power. Secondly, 
competing explanations for curated technologies are assessed in the 
light of the data from Lawn Hill, and it is argued that the mechanism 
which caused 'curated' patterns to develop in that region is the 
economics of stone procurement. This conclusion implies that some of 
the other mechanisms used to explain the structure of technological 
systems require further testing and elaboration, and that current 
views about the minimal cost of procuring resources other than food 
cannot be sustained in all situations. 
15.1 CURATION AS AN INDICATION OF FOOD PROCURQIENT STRATEGIES 
Binford (1973:250) characterized the variety of energy inputs 
associated with tool manufacture as a continuum from expedient 
technologies to curated technologies. An expedient technology is one 
in which little energy is expended on the manufacture, maintenance 
and transportation of tools. The implements produced by an expedient 
technology are relatively simple, unstandardized and exhibit small 
amounts of retouch (Binford 1979). Such implements tend to be used 
for only a short period of time, and often are discarded immediately 
after manufacture and use. A curated technology represents the 
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opposite extreme in energy expenditure, where great effort is spent 
on the manufacture, maintenance and transportation of tools. The 
implements produced by a curated technology are often complex and 
impressive, resulting from large amounts of retouching, and are more 
standardized in size and shape. These implements are used for long 
periods of time, frequently resharpened and reshaped, and retained 
and transported to a number of locations. 
Although technological organization is described as a continuum 
between expedient and curated, Binford's discussions suggest that the 
technologies of all stone-using groups can be placed unambiguously 
into one of the two categories. As most technologies are probably 
midway along this continuum, and because Binford did not quantify his 
classificatory criteria, his division of prehistoric technologies has 
been arbitrary. 
Hayden (1976) questioned the clarity and applicability of this 
division for prehistoric hunter-gatherers. He pointed out that 
Binford (1977) derived these principles during ethnoarchaeological 
observations of the Nunamiut Eskimo, whose use of metal artefacts 
introduced a number of factors which do not occur in stoneworking 
technologies. For exeimple, broken steel traps and rifles often cannot 
be repaired in the field and need to be transported back to base 
camps where equipment is available. In contrast, even the most 
complex chipped stone artefact could be readily reworked at any point 
in the landscape. Hayden (1976:50-51) also noted that a detailed 
examination of Australian Aboriginal technologies reveals that the 
variables Binford dealt with do not necessarily fall neatly into the 
hypothesised continuvun. For example, he cites the variation in 
uselife for morphologically identical implements, the very short 
uselife of tools that otherwise fit into the curated category and the 
long uselife of specimens which on morphological grounds would be 
classed as expedient tools, the general dominance of expedient tools 
in a technology that contains highly curated tools, and the fact that 
unretouched flakes are often transported and used as curated tools 
before they are retouched into formal implements. 
The existence of supposedly curated and expedient traits within 
a single technology has also been noted by Bamforth (1986:39), who 
argues that curation implies at least five distinct aspects of 
artefact manufacture and use: the production of artefacts prior to 
the initiation of the activities in which they will be used; the use 
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of a r t e f a c t s on a number of o c c a s i o n s ; t h e t r a n s p o r t a t i o n of 
a r t e f a c t s from one a c t i v i t y l o c a t i o n t o a n o t h e r ; m a i n t e n a n c e ; and 
r e c y c l i n g . Bamforth p o i n t e d ou t t h a t t h e s e k i n d s of b e h a v i o u r need 
n o t a l w a y s o c c u r t o g e t h e r . A c c o r d i n g l y , a l t h o u g h t h e 
cu ra t i on / exped i en t c l a s s i f i c a t i o n appears a t f i r s t s i g h t to of fer a 
n o v e l a p p r o a c h t o d e s c r i b i n g t e c h n o l o g i c a l d i f f e r e n c e s i t i s a 
concept which i s too poo r ly defined t o be of p r a c t i c a l v a l u e . One way 
of d e v e l o p i n g t h e a p p r o a c h migh t be t o u n d e r t a k e a c r o s s - c u l t u r a l 
a s s e s s m e n t of t h e d e g r e e t o which v a r i o u s components of c u r a t e d 
behaviour r e g u l a r l y c o - e x i s t . 
A second and, i n t h i s con tex t , more c r u c i a l avenue of work i s to 
examine the d i f f i c u l t i e s of app ly ing the concept to a r c h a e o l o g i c a l 
assemblages. Problems of measuring the t e c h n o l o g i c a l s t r u c t u r e which 
produced a r c h a e o l o g i c a l a s s e m b l a g e s a r e e x a g g e r a t e d by B i n f o r d ' s 
e q u a t i o n of ' t o o l s ' ( a r t e f a c t s w h i c h a r e u s e d ) w i t h f o r m a l 
' i m p l e m e n t s ' (a r e p e a t e d p a t t e r n of r e t o u c h e d f l a k e s ) f o r a l l 
t e c h n o l o g i e s . I n c u r a t e d t e c h n o l o g i e s , where e x t e n d e d u s e and 
r e s h a r p e n i n g o c c u r , t h e two may be t h e same; b u t t h e y a r e n o t i n 
h i g h l y expedient t e c h n o l o g i e s , where most t o o l s would be unretouched 
f l a k e s . Binford 's d i s c u s s i o n s a l s o imply t h a t a l l of the components 
of a group's technology a r e e q u a l l y expedient or e q u a l l y cura ted . For 
example , B i n f o r d ( 1 9 7 2 b : 1 8 9 ; 1 9 7 3 : 2 4 4 ) d e s c r i b e d A u s t r a l i a n 
Abor ig ina l technology as h i g h l y cura ted , d e s p i t e the f a c t t h a t some 
elements i n the technology a re ext remely expedient (eg. Gould 1977a, 
1977b; Hayden 1977a) . These p r o b l e m s p l a c e some u n c e r t a i n t y on t h e 
a p p l i c a b i l i t y of t he exped ien t - cu ra t ed schema. 
N e v e r t h e l e s s , Binford (1977:35) argued t h a t t h e r e i s a d i s t i n c t 
r e l a t i o n s h i p between the s e t t l e m e n t s t r a t e g y of h u n t e r - g a t h e r e r s and 
the degree t o which t h e i r s tone technology i s cura ted . In p a r t i c u l a r , 
he r e l a t e d c u r a t i o n t o food procurement s t r a t e g i e s , arguing t h a t the 
use of wide- ranging s p e c i a l purpose subgroups by c o l l e c t o r s r e q u i r e s 
h i g h l y e f f i c i e n t t o o l - k i t s which could be obta ined through c u r a t i o n . 
Much of the maintenance of t h e s e cura ted t o o l s would supposedly be 
c a r r i e d out a t base-camps, the a p p r o p r i a t e implements t r a n s p o r t e d to 
s i t e s such as hunt ing camps and k i l l s i t e s , and broken t o o l s c a r r i e d 
back t o base camps for r e p a i r . By i m p l i c a t i o n , he suggested t h a t when 
h u n t e r - g a t h e r e r s move t h e i r r e s idences t o food r e s o u r c e s , such as i n 
a f o r a g i n g s t r a t e g y , t h e y w i l l employ an e x p e d i e n t m a n u f a c t u r i n g 
sys tem. B i n f o r d ' s d i s c u s s i o n s of c e n t r a l A u s t r a l i a n Aborigines a r e 
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curiously inconsistent with these statements. Although he classified 
them as foragers (Binford 1983:270), on several occasions he 
describes their technology as curated and logistic (Binford 
1972b:189; 1973:244; 1983:175). Perhaps his inconsistency reflects 
the difficulty of squeezing the behaviour of Australian Aborigines 
into one of these two categories. 
Holocene stone technologies at Lawn Hill cannot be characterized 
consistently as either expedient or curated. Many of the edge 
damaged artefacts, which may have been tools, were not retouched, 
suggesting an expedient system. In some parts of the landscape, such 
as the extreme north and south of the study area, the proportion of 
retouched flakes in assemblages is low and they were discarded near 
stone quarries without being transported large distances. In the 
same areas, the number of retouch scars on retouched flakes is 
relatively small. Such patterns are typical of an expedient 
technology. 
By contrast, some implements, such as tulas, were frequently 
retained for extended periods, re-used and resharpened. These 
retouched flakes were often relatively standardized in size and shape 
when discarded, but their manufacture was neither difficult nor 
energy expensive. Furthermore, in some portions of the study area, 
such as in the centre where stone materials are unavailable, 
retouched flakes are very frequent, contain many retouched scars and 
have been transported over many kilometres. Such patterns would be 
expected in a curated technology. 
Thus, the stoneworking technologies and resulting artefact 
assemblages found in an Australian situation have components of both 
expedient and curated organization. The degree to which the 
assemblages conform to either the curated or the expedient end of the 
technological spectrum varies spatially around the Lawn Hill study 
area. It is unlikely that dramatically different food procurement 
systems would have operated in separate parts of such a small area, 
and so another factor must underlie technological variability in 
northwestern Queensland. As discussed below, the data from Lawn Hill 
also has a bearing on attempts to link stoneworking with food 
procurement systems by reference to the nature and timing of human 
movements. 
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15.2 CURATION AS A INDICATION OF MOBILITY 
E b e r t (1979:68) a rgued t h a t a r t e f a c t morpho logy was l i n k e d 
d i r e c t l y t o group m o b i l i t y . He p o s i t s two bas i c p r i n c i p l e s about the 
way humans a d a p t e d t h e i r t e c h n o l o g y t o cope w i t h t h e s t r e s s e s of 
m o b i l i t y . F i r s t l y , t o o l s made t o be c a r r i e d c o n s t a n t l y would h a v e 
been s m a l l e r than ones made for use on one l o c a t i o n . Secondly, t o o l s 
used on a number of o c c a s i o n s w i l l h a v e had a g r e a t e r amount of 
energy expended on t h e i r manufacture and maintenance than t o o l s used 
on ly once. Eber t , i m p l i c i t l y assuming t h a t t o o l s and implements a re 
synonymous, s u g g e s t e d t h a t ene rgy e x p e n d i t u r e c o u l d be measured 
a r c h a e o l o g i c a l l y by the number of re touch s c a r s . He f u r t h e r s t a t e d 
t h a t t h e s e p r i n c i p l e s s h o u l d be a p p l i c a b l e i r r e s p e c t i v e of t h e 
stoneworking technology used t o c r e a t e the a r t e f a c t s (Ebert 1979:69-
71). The p r e m i s e upon which t h e s e h y p o t h e s i z e d r e l a t i o n s h i p s were 
based i s t h a t implements a re designed and manufactured before being 
t r a n s p o r t e d around the landscape , a l though Ebert (1979:72) admit ted 
t h a t t h e r e may be o the r s o l u t i o n s t o the s t r e s s e s of m o b i l i t y such as 
the t r a n s p o r t a t i o n of "blanks" or cores . 
A number of the implement types a t Lawn H i l l , such as greywacke 
p o i n t s and c h e r t t u l a s , were p r o g r e s s i v e l y m o d i f i e d as t h e y were 
t r a n s p o r t e d a round t h e l a n d s c a p e . These r e t o u c h e d f l a k e s had no 
"f inished" form s ince t h e i r s i z e and shape continued t o change u n t i l 
they were d i sca rded . Thus Eber t ' s view of unchanging implement forms, 
some designed for high m o b i l i t y and o the r s for low m o b i l i t y , i s not 
a p p l i c a b l e a t Lawn H i l l . Nor can t h e d r a m a t i c d i f f e r e n c e s be tween 
assemblages on ly a few k i l o m e t r e s a p a r t be exp la ined adequa te ly i n 
terms of d i f f e r i n g degrees of m o b i l i t y . Another mechanism which has 
been suggested as the e x p l a n a t i o n for t e c h n o l o g i c a l d i f f e r e n c e s , and 
which i n v o l v e s human movement w i t h o u t d i r e c t l y r e f e r r i n g t o t h e 
degree of m o b i l i t y , i s t he schedu l ing of a c t i v i t i e s . 
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15 .3 CURATION AS AN INDICATION OF TIME STRESS 
Time b u d g e t i n g was c o n s i d e r e d by T o r r e n c e (1983) t o be t h e 
m e c h a n i s m w h i c h d e t e r m i n e s t h e s t r u c t u r e of h u n t e r - g a t h e r e r 
t e c h n o l o g i e s . Fo l lowing Smith (1979), she argued t h a t the success of 
an economic system r e s i d e s p r i m a r i l y wi th i t s a b i l i t y t o i n c r e a s e the 
r a t e a t which i t cap tu res energy by schedu l ing competing a c t i v i t i e s . 
T o r r e n c e (1983:12) r e - i n t e r p r e t e d B i n f o r d ' s e x p e d i e n t - c u r a t e d 
t e c h n o l o g i c a l continuum as the range of responses t o v a r i o u s degrees 
of s c h e d u l i n g d i f f i c u l t y . By s c h e d u l i n g t h e m a n u f a c t u r e , u s e and 
m a i n t e n a n c e of s t o n e a r t e f a c t s t o o t h e r w i s e i d l e t i m e s , c u r a t e d 
t e c h n o l o g i e s e n a b l e t ime t o be e f f i c i e n t l y s p e n t on s u b s i s t e n c e 
t a s k s , p r i m a r i l y food procurement. Torrence (1983:13) suggested t h a t 
the schedu l ing of a c t i v i t i e s i n v o l v i n g s tone a r t e f a c t s i n response to 
t i m e s t r e s s has w i d e r e f f e c t s upon s t o n e w o r k i n g t e c h n o l o g y t h a n 
mere ly de termining the degree of c u r a t i o n . She expected t h a t even the 
t y p e s of t o o l s employed a r e d e p e n d e n t upon t i m e - s t r e s s , w i t h 
e f f i c i e n t forms b e i n g used i n s i t u a t i o n s where s chedu l ing problems 
a r i s e , and r e l a t i v e l y i n e f f i c i e n t forms o c c u r r i n g e l s e w h e r e . From 
t h i s v iewpoin t , t o o l - k i t d i v e r s i t y should be p o s i t i v e l y c o r r e l a t e d 
w i t h t h e amount of t i m e - s t r e s s e x p e r i e n c e d b e c a u s e one r e s p o n s e t o 
t ime s h o r t a g e s i s t o u s e s p e c i a l - p u r p o s e t o o l s w h i c h , a c c o r d i n g t o 
T o r r e n c e , a r e more e f f i c i e n t t h a n l e s s - s p e c i a l i z e d o n e s . I n t i m e -
s t r e s s e d s i t u a t i o n s , t h e u s e of s p e c i a l - p u r p o s e t o o l s f o r each 
a c t i v i t y r e s u l t s i n t o o l - k i t s w i t h a l a r g e nvimber of t o o l t y p e s . 
S i m i l a r l y , Torrence argued t h a t the complexi ty of t o o l s , measured i n 
terms of " t echno-un i t s " (Oswalt 1976), w i l l a l s o be c o r r e l a t e d t o the 
amount of t i m e - s t r e s s , assuming t h a t complex t o o l s a r e more e f f i c i e n t 
than s imple ones. 
U s i n g t h e s e p r i n c i p l e s T o r r e n c e e x p l o r e d t h e e x p e c t e d 
r e l a t i o n s h i p s between t e c h n o l o g i c a l o r g a n i s a t i o n and e n v i r o n m e n t a l 
p a r a m e t e r s . She c o n c l u d e d t h a t t h e env i ronmenta l f a c t o r s a f f e c t i n g 
s chedu l ing a r e the d e n s i t y and agg rega t ion of e d i b l e r e sources and 
t h e p r o p o r t i o n of t h e y e a r i n which t h e y a r e a v a i l a b l e . As p l a n t 
r e s o u r c e s a r e immob i l e and h i g h l y p r e d i c t a b l e , T o r r e n c e (1983:14) 
a l s o suggested t h a t t h e i r procurement imposes l e s s t i m e - s t r e s s than 
h u n t i n g . C o n s e q u e n t l y , she h y p o t h e s i z e d t h a t t i m e s s t r e s s e s a r e 
g r e a t e s t a t h i g h e r l a t i t u d e s , where p e o p l e f a c e s h o r t e r g rowing 
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s e a s o n s and h a v e l a r g e r p r o p o r t i o n s of a n i m a l s i n t h e i r d i e t . As a 
r e s u l t groups l oca t ed i n h igher l a t i t u d e s w i l l have had more cura ted 
t e c h n o l o g i e s , a l a r g e d i v e r s i t y of t o o l types and r e l a t i v e l y complex 
t o o l s . A l t h o u g h e t h n o g r a p h i c o b s e r v a t i o n s do p r o v i d e e m p i r i c a l 
support for these p r e d i c t i o n s a t a broad l e v e l (Torrence 1983), both 
the da ta from A u s t r a l i a and t h e o r e t i c a l c o n s i d e r a t i o n s suggest t h a t 
by i t s e l f t h e t ime b u d g e t i n g m o d e l , as i t has been framed by 
T o r r e n c e , c a n n o t a c c o u n t f o r a l l v a r i a t i o n s i n p r e h i s t o r i c 
stoneworking technology. 
A r c h a e o l o g i c a l a s s e m b l a g e s from A u s t r a l i a do n o t e x h i b i t t h e 
l a t i t u d i n a l changes which T o r r e n c e p r e d i c t e d . Ho locene s t o n e 
implement types , such as backed b l a d e s , a re found over l a r g e a reas of 
the con t inen t , and a t the h i g h e s t l a t i t u d e , Tasmanians used what i s 
t h o u g h t t o be a s i m p l e r and l e s s c u r a t e d Ho locene s t o n e w o r k i n g 
t e c h n o l o g y t h a n p e o p l e on t h e m a i n l a n d ( J o n e s 1977) . Both t h e 
Holocene technology and implements a t Lawn H i l l a r e more d i v e r s e than 
i n the temperate Hunter V a l l e y (cf. Hiscock 1985a, 1986b, _in p r e s s ) . 
Nor do t h e d a t a from Lawn H i l l s u p p o r t t h e s e p r o p o s i t i o n s . Here 
v a r i a t i o n i n complexi ty , d i v e r s i t y and c u r a t i o n of assemblages w i t h i n 
t h e s m a l l s t u d y a r e a i s c o m p a r a b l e w i t h , and p e r h a p s i n e x c e s s of, 
the v a r i a t i o n between reg ions i n n o r t h w e s t Q u e e n s l a n d . Assemblages 
c l o s e t o very s i m i l a r p l a n t and animal r e s o u r c e s , such as those a long 
p e r m a n e n t c r e e k s , s o m e t i m e s h a v e v e r y d i f f e r e n t a r t e f a c t s . 
Conversely , assemblages i n a reas wi th comple te ly d i f f e r e n t p l a n t and 
animal resources sometimes show v e r y s i m i l a r a r t e f a c t a s s e m b l a g e s . 
Thus the empi r i ca l da ta a v a i l a b l e from A u s t r a l i a do not support the 
p r o p o s i t i o n t h a t a s s e m b l a g e c o n t e n t and r e g i o n a l v a r i a t i o n i n 
p r e h i s t o r i c technology i s a product of t ime budget ing a s s o c i a t e d wi th 
food procurement . 
F o r m u l a t e d i n a d i f f e r e n t way, howeve r , t ime s t r e s s may s t i l l 
prove to be a u s e f u l mechanism i n e x p l a i n i n g p r e h i s t o r i c stoneworking 
a t Lawn H i l l . T o r r e n c e framed h e r model i n t e r m s of t h e t i m e s t r e s s 
induced by food procur ing a c t i v i t i e s , but i n the p rev ious chapter i t 
was a rgued t h a t o t h e r a c t i v i t i e s m igh t somet imes h a v e been an 
important component of h u n t e r - g a t h e r e r s e t t l e m e n t and t e c h n o l o g i c a l 
s t r a t e g i e s . Hence, i f t ime s t r e s s i s t h e c a u s e of d i f f e r e n c e s i n 
a s s e m b l a g e c o m p o s i t i o n t h r o u g h o u t A u s t r a l i a , and i n p a r t i c u l a r a t 
Lawn H i l l , then the cause of t ime s t r e s s need not be the d i s t r i b u t i o n 
and p r e d i c t a b i l i t y of food r e s o u r c e s . I s h a l l r e t u r n to t h i s argument 
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shortly. In the meantime it is useful to examine some of the other 
difficulties with Torrence's time budgeting model. 
While ethnographic data support Torrence's principles concerning 
hunter-gatherer technologies in general, their application to 
archaeological chipped stone artefacts in particular requires two 
assumptions. Firstly, it is necessary to assume that stone artefacts 
were used primarily to procure and process food, something which is 
demonstrably not the case for some contemporary hunter-gatherer 
groups. For instance, many of the 'curated' tools used in the 
Australian desert, such as the tula, are used to manufacture and 
maintain wooden tools (cf. Hayden 1976; Peterson 1971:243-4). 
Secondly, Torrence (1983:19) assumes that more complex tools are more 
'efficient'. By suggesting that there should be an optimal tool-kit 
for each environment, she implies that only one form of artefact will 
be 'efficient' for any particular function. These propositions are 
dubious. A complex artefact may be more effective than a simple one 
for some functions, but not for activities such as cutting where 
unretouched flakes have sharper edges than retouched flakes or steel 
scalpels (Anon 1984). Part of the difficulty in Torrence's (1983:19) 
discussion of complexity is that she expresses complexity as the 
number of "techno-units". Applied to stone artefacts, this requires 
that composite tools are more efficient than unhafted hand-held stone 
artefacts, a proposition that will be true only for some functions. 
As a result, Torrence's analysis depends on being able to assess 
whole tool kits, and may be inapplicable to archaeological 
assemblages, in which only the stone component of the tool kit is 
often preserved and in which tools and non-tools may be impossible to 
distinguish morphologically. These difficulties are compounded by the 
ambiguity of terms such as 'simple' and 'complex' as descriptions for 
tools and technologies. As Bleed (1986) pointed out, the apparent 
complexity of a tool, as expressed as the number of techno-units, may 
be related to the role of the artefact and the structure of the 
activity rather than its efficiency. 
Torrence's discussion is also hampered by a failure to define 
what 'efficient' means. Efficiency might mean the effectiveness of 
the artefact in performing an activity, thereby completing the task 
in less time (cf. Jochim 1981:115-118). In this case, however, it is 
difficult to see why all tasks should be completed more quickly by 
hafted and highly retouched implements, and it would seem that for 
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many functions the speed of completion might simply depend upon the 
stroke rate and the speed with which the edge becomes non-functional. 
Efficiency might therefore be partially measured by the uselife a 
stone-user can extract from an artefact, thereby saving the time 
needed to manufacture further tools. In any event, for some tasks it 
would be quicker to replace a worn edge by simply striking a new 
flake from a core than by resharpening the edge. If resharpening was 
required a time-budgeting model might predict that a minimal amount 
of maintenance would be preferred, diminishing the correlation 
between complexity and the degree of time-stress. Initial manufacture 
of relatively complex stone artefacts could permit efficient designs 
which minimize the time spent on maintenance or replacement and/or 
increase the reliability of the tool (Bleed 1986). This would be an 
advantage in time-stressed situations, although the amount of time 
that would be saved might not be large. The manufacture of 
specifically designed and relatively complex stone artefacts consumes 
time and it might be suggested that efficiency could therefore be 
measured as the amount of time saved per unit time invested in 
procurement and manufacture. This proposition implies that the 
availability of stone material will affect time-stress because it 
might be time consuming to obtain materials which are distant. 
Binford (1983:273-5; 1985) and Torrence (1983:21) specifically deny 
this proposition. 
According to Binford (1983:273-275), technological activities 
incur no cost because they are "embedded" in subsistence tasks. By 
this he means that the procurement and manufacture of stone artefacts 
is incidental to the procurement and processing of food. Stone is 
obtained only when people are hunting or gathering in the vicinity of 
its source, and manufacture occurs only during lull times in the 
quest for food. Consequently, procuring and working stone costs 
little more energy than not doing so, because people will be on that 
spot anyway, and carrying small amounts of stone away is a minimal 
expense. Binford (1983:275) argued that hunter^gatherers do not go 
out into the landscape exclusively to obtain stone for artefacts and 
so the distribution of stone in the environment cannot have any major 
effect upon the system of material culture. I believe that this 
argument cannot be sustained and that in some parts of the world the 
nature of stoneworking and the inter-site difference in stoneworking 
was conditioned by the stone procuring strategies employed. 
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15.» CURATIDN AS AN INDICATION OF THE ECONOMICS OF STONE PROCUREMENT 
Binford (1983:273-5) developed the principle of embeddedness 
after fieldwork among the Eskimos, hunter-gatherers with unusually 
well-developed transport technologies to reduce difficulties of 
moving heavy and bulky materials (Bleed 1986:743). Ethnographic 
observations of hunter-gatherers without such elaborate transport 
technology reveal that their exploitation of raw materials for 
artefact manufacture was not always embedded in food procuring 
activities. Binford's (1983:298) own work with central Australian 
Aborigines documented people changing their use of stone with 
increasing distance to quarries. Gould and Saggers (1985) described 
trips by Western Desert Aborigines which were made specifically, if 
not solely, to obtain stone for knapping. They also described 
variations around the Western Desert landscape in the quality of 
stone and the effect this had upon the choice of stone material. As 
Binford (1985) points out this observation does not negate his 
embedded argument. To do so, it would be necessary to demonstrate 
that as a result stone procurement was generally not embedded and/or 
that embedding of stone technology within food gathering activities 
does not prevent people using a minimal costs strategy in which tool 
value increases with distance from the source of the stone. 
Indications that this might be the situation in some cases is 
provided by Bamforth (1986:39) who argued that several attributes 
typical of curation are most parsimoniously explained as responses to 
raw material shortages. This proposition is supported by data on the 
maintenance costs of IKung technology for local and non-local stone 
(Bamforth 1986:41). 
It is possible to expand Bamforth's argument and describe all 
aspects of the expedient-curated continuum in terms of an adjustment 
to the availability of stone materials (see also Schiffer 1976:158-
9). Bamforth (1986:39) claimed that curation involves the production 
of artefacts prior to the initiation of the activities in which they 
will be used, the use of artefacts on a number of occasions, the 
transportation of artefacts from one activity location to another, 
the maintenance of artefacts, and the recycling of artefacts. All of 
these behaviour patterns would be advantageous in landscapes where 
stone for artefact manufacture was not ubiquitous. By producing 
artefacts in advance of use, it is possible to situate the 
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manufacturing activities at locations where stone is abundant and/or 
at times when manufacture can make effective use of available stone. 
When replacement material is in short supply, it would be 
advantageous to use artefacts intensively, resulting in patterns of 
multiple use. Conversely, expedient use would be more appropriate 
when replacement stone is available. Brose (1975:93) has suggested 
that this pattern should be clear in use-wear: "where large amounts 
of preferred raw material exist there are apt to be fewer observed 
striations, as there would be little need to exceed, or even 
approach, loss-of-function times". The transportation of stone 
artefacts is clearly explicable in terms of the need to distribute 
stone to areas in which it would not otherwise occur (Bamforth 
1986:40). Maintenance and recycling of artefacts would prolong their 
uselife in areas without a natural supply of stone. If these 
responses to raw material shortages existed amongst hunter-gatherers, 
then one of the primary factors influencing the technological 
organization of particular groups would have been the distribution of 
stone sources throughout the landscape. 
In Chapter 5 it was argued that a major mechanism producing 
assemblage variation at Lawn Hill was the need to ration scarce stone 
materials. With the exception of the prior production of artefacts, 
which was not readily measurable archaeologically, each of the 
aspects of technology discussed by Bamforth was observed to operate 
in response to increasing distance from raw material sources. The 
frequency of retouched flakes and the amount of retouch on each is 
positively correlated with the distance from quarries. Moreover, 
other aspects of technology, such as the location of blows, the 
strategy of reduction, and the rectification procedures, also varied 
with distance to sources of knappable stone. Even the likelihood that 
material would be discarded, and thereby enter the archaeological 
record, appears to have been affected by the amount of suitable stone 
material which occurred nearby. These patterns were interpreted as 
the modification of stone knapping and using activities by people 
who, as they moved around the landscape, sometimes had large £imounts 
of stone available to them and at other times had very little stone. 
Not only the degree to which their technology could be classified as 
curated or expedient, but also many other components of their 
behaviour were apparently influenced by whether or not they needed to 
conserve stone. Thus, at Lawn Hill, the structure of prehistoric 
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activities involving stone artefacts, and hence of archaeological 
residues, was strongly conditioned by the availability of stone. 
Discussing a similar hypothesis by Munday (1976), who observed 
smaller artefacts at sites far from stone outcrops, Binford 
(1984:235) offered an alternative. He suggested that in an expedient 
technology people would arrive at a site with few or no tools and, if 
stone outcrops were not present, would scavenge artefacts previously 
discarded in the vicinity and reduce them to form tools. This 
scenario fails to account for the existence of relatively large 
artefacts on the site in the first place, unless it is argued that at 
some earlier time people with a more curated technology discarded 
material on the site. Furthermore, sustained scavenging of this kind 
also has characteristics similar to curation, such as the multiple 
use and maintenance of the artefact. Even though the artefact may be 
used by a number of people and kept at one site rather than 
transported constantly this could be seen as a variant of curated 
strategies. In Australia grindstones are treated in this way (cf. 
Peterson 1971). Indeed, according to Binford (1983:344) storage of 
materials is often linked with curated technologies and logistic 
organisation. Thus, there is little reason to believe that Munday is 
dealing with an expedient technology. Nor can the data from Lawn 
Hill be explained solely in this way, as the relationship between raw 
material availability and rationing procedures is observable even in 
short-term single occupation sites such as small knapping stations. 
In addition, on both greywacke and chert the rapid formation of 
patina on surfaces shows that over long periods of time scavenging is 
minimal. Binford's scenario is specifically designed to refute the 
proposition that material culture with curated characteristics is the 
result of economizing behaviour; and yet a technological strategy 
which seeks to maximise the use of flakeable stone, irrespective of 
whether it was transported or scavenged, can clearly be interpreted 
as a least-cost response to raw material shortages. 
Stone procurement at Lawn Hill is likely to have been of the 
direct access type with the same people exploiting both the chert and 
greywacke quarries. Evidence has been presented to demonstrate that 
as people moved further and further away from quarries their access 
to stone decreased and so they responded by rationing the stone they 
had. No matter how many times people visited the quarries, as they 
travelled to the centre of the study area, where stone does not crop 
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out, the decreasing availability of replacement rock caused knappers 
to economize in their working, using and discard of stone. Over the 
last 4,000 years this pattern of economic activity produced much of 
the inter-assemblage variation. The embedded argument cannot be 
correct in light of this conclusion. How can the embedded argument be 
modified to accommodate the existence of a "minimal costs" strategy 
of technology? Two hypotheses are framed here. 
The first hypothesis is that stoneworking is embedded in 
subsistence practices but curation is a response to the future rather 
than the present needs of a group. In other words, the value of an 
artefact is proportional to the difficulty of obtaining a 
replacement, not the cost of the artefact in use. This is a 
reformulation of Torrence's argument, as part of the cost of 
obtaining replacement rock is the forfeiting of mutually exclusive 
activities. From this view, the item in use has no cost in an 
embedded system, but the replacement may often be costly because to 
procure further material it is necessary to undertake non-scheduled 
activities, and so produce a time-stress. This is an unlikely 
mechanism since it requires that hunter-gatherers were regularly 
caught in situations where they urgently needed stone artefacts, had 
exhausted their supply, and were an inconveniently long way from 
sources of stone. If stone artefacts played such an important role in 
hunter-gatherer activities that they had to be readily available and 
were carefully conserved, then it is improbable that their users 
would have been so disorganised. 
The second proposition, which I favour, is that stoneworking 
technology was not embedded in food procuring strategies. In the Lawn 
Hill region it is more likely that, insofar as they were 
interdependent, food gathering was embedded in other activities, both 
economic and social, and especially in stoneworking. Food resources 
occurred abundantly and predictably along the banks of Lawn Hill 
Creek. More importantly, there was little variation in the resources. 
Fish, plants and small mammals which were available along the creek 
in the south, where chert was available, were virtually identical to 
those available along the creek in the north, where greywacke crops 
out. As food and other organic materials could easily be procured at 
any point near Lawn Hill Creek, the only economic motive for 
regularly moving north-south or south-north through the study area 
was the procurement of flakeable stone. Social and exchange links 
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with neighbouring groups may also have provided incentives for such 
movements. The search for food at Lawn Hi l l during the Holocene may 
have been neither so diff icul t nor so time consuming as Binford's or 
Torrence's arguments imply. Indeed, if ethnographic observations of 
hunter-gatherers elsewhere are any ind ica t ion , the food quest may 
have been l e i s u r e l y (cf. Lee 1975; McCarthy and McArthur 1960; 
Sahlins 1975). The need to exp lo i t scarce, immobile, heavy and 
frequently-used resources such as f l akeab le stone would then have 
placed strong constraints on the structure of technology and group 
movements. At Lawn H i l l the pa t t e rn of a rchaeologica l debris 
indicates that stoneworking, including the degree of 'curation', was 
a d i r ec t r e f l e c t i o n of the economics of stone procurement, not an 
indirect reflection of scheduling or food procurement. 
If stone procurement and manufacture was not embedded and 
curation varied inversely with stone abundance, then i t can be argued 
that Binford's c o r r e l a t i o n of c o l l e c t o r s and curat ion has l i t t l e 
strength. In the event of a raw material shortage, col lectors could 
have sent out specific parties to the raw material source, even if i t 
was d i s t an t . Foragers, on the other hand, might have been more 
inclined to curate their artefacts rather than suddenly in i t i a t e a 
l o g i s t i c a l form of organisat ion or reschedule t h e i r pa t te rn of 
r e s i d e n t i a l moves. Furthermore, there may have been d i s t i n c t 
variations in the technological organization within either collectors 
or foragers which coincided with d i f fe ren t geologica l patchiness. 
Consequently, the a r t e f ac t assemblages produced by foragers in 
regions with only a few widely-separated quarr ies may appear more 
'cura ted ' than assemblages produced by c o l l e c t o r s in regions with 
u b i q u i t o u s sources of f l a k e a b l e s t o n e . As a r e s u l t , the 
archaeological i d e n t i f i c a t i o n of these differing food procurement 
s t r a t eg i e s by reference to stone a r t e f ac t s may be extremely 
dif f icul t , and at the very least would require detailed study of the 
effects of geological patchiness on assemblage composition. 
Despite these d i f f icul t ies in d i rec t ly studying food procuring 
s t r a t eg i e s by reference to a r t e f a c t assemblages, the foregoing 
discussion confirms tha t p r e h i s t o r i c time s t r e s s may be able to be 
studied archaeological ly. Although the arguments made here revea l 
major flaws in Torrence's time budgeting model, there i s no reason 
why time s t r e s s cannot be considered as one factor inf luencing the 
s t ruc tu re of technologies . The conclusion tha t technologica l 
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activities were not always embedded in food procuring behaviour does 
not imply that the technology cannot have been structured to minimise 
time stress. It was noted earlier that time stress need not have 
developed solely from competition by various food procuring 
activities for the limited time available to a group of people. Time 
stresses might have arisen because of difficulties in scheduling 
sufficient time for procuring stone material. For example, in the 
pursuit of some other activity, hunter-gatherers may exploit portions 
of their territory in which no stone is available. In doing so, they 
may be inconvenienced by a lack of replacement stone, and alter their 
artefact making and using behaviour to minimise that inconvenience. 
If such situations regularly arose, the group might structure its 
technology to cope with scheduling-induced raw material shortages. 
Not all instances of rationing need to have been a response to 
time stress. If hunter-gatherer groups possessed abundant leisure 
time then time stress would have been minimal, but their technologies 
may still have been structured to cope with scheduling-induced raw 
material shortages, or shortages brought about in other ways, such as 
having little flakeable stone in their territory and/or needing to 
obtain stone by exchange. 
There is a number of mechanisms which may have determined the 
nature of hunter-gatherer stoneworking technology: the conveyance of 
cultural information, the function of the artefacts, the nature of 
movements around the landscape, the extent of time stress, and the 
availability and cost of stone materials. These factors may work 
singly or in concert to affect technological behaviour. It will not 
be easy to predict which factors caused technological activities and 
it will not be possible to employ artefact assemblages as universal 
indicators of any one factor. The construction of methodologies which 
can identify the effects of these mechanisms must continue to be an 
objective in archaeology, as it has been for some time. This chapter 
has emphasised that the definition of curation, and its application 
to archaeological assemblages, is currently of dubious value. Further 
development of this and other frameworks for describing and 
explaining prehistoric stoneworking are required. This thesis has 
contributed toward that goal by exploring the descriptive and 
analytical power of a technological approach and by examining the 
relationship between prehistoric technology and environmental change 
in one region of Australia. 
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CONCLUSION 
Archaeological research at Lawn Hill Station, northwest 
Queensland, investigated prehistoric stone artefact manufacture and 
settlement patterns. Of particular interest was the way in which 
technology and settlement responded to changes in environmental 
conditions. The human responses to spatial differences in resources 
were examined by a study of 62 sites and many thousands of artefacts 
found off sites. Human responses to long term climatic changes were 
assessed by analysing material recovered from two cave sites, first 
occupied in the Pleistocene, which are located in the south of the 
study area. It was concluded that humans have occupied the area since 
at least 30,000-40,000 years BP, and that many aspects of their 
behaviour can be viewed as adjustments made in order to cope with the 
environment. 
The research was the first carried out at Lawn Hill, and much 
effort was spent on basics: encouraging background studies (eg. 
Taylor 1985), establishing a chronological framework for human 
occupation, locating and excavating sites, and describing the 
distribution and nature of archaeological artefacts. This work 
therefore falls comfortably within the tradition of regional 
archaeological studies established in Australia by McBryde (1974), 
and clearly indicates the potential for further work in northwest 
Queensland. Nevertheless, the project was conceived not only as an 
investigation of regional prehistory but also as a means of assessing 
hypotheses about Australian prehistory and archaeological approaches 
to inferring past behaviour from stone artefacts. Theories concerning 
the occupation of arid portions of Australia and the nature of 
technological change were critically examined in the light of 
information from Lawn Hill. Five generally accepted propositions 
about the organisation of hunter-gatherer artefact manufacture and 
settlement were examined and found to be inadequate. 
Methods of technological analysis were devised and their 
application, in association with an examination of site formation 
processes, enabled inferences to be made about the spatial and 
temporal changes in prehistoric behaviour. The distribution of stone 
artefacts at Lawn Hill, including the location and size of sites, was 
shown to be strongly correlated to environmental features, especially 
water and outcrops of rock suitable for artefact manufacture. It was 
concluded that this pattern resulted as much from the differential 
rates of artefact discard in prehistoric times as from differences in 
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p r e h i s t o r i c s e t t l e m e n t . Th i s f i n d i n g imp l i ed t h a t p o p u l a t i o n s i z e s 
and food g a t h e r i n g b e h a v i o u r a r e p o o r l y r e f l e c t e d i n a r t e f a c t 
d i s t r i b u t i o n s , which a r e l i nked c l o s e l y to t he economics of s tone 
procurement and use . 
S i m i l a r i n f e r e n c e s were made c o n c e r n i n g t h e c o m p o s i t i o n of 
assemblages a t each s i t e and i n t e r - s i t e v a r i a t i o n s i n a s s e m b l a g e s . 
Because much of t h e i n t e r - a s s e m b l a g e v a r i a t i o n a t Lawn H i l l can be 
exp la ined by the economics of s tone procurement and manufacture , i t 
was concluded t h a t l o c a l t echnology was l a r g e l y un re spons ive t o o the r 
a spec t s of subs i s t ence or s e t t l e m e n t . Th i s c o n c l u s i o n i m p l i e d t h a t 
s e a s o n a l p a t t e r n s of movement or f o r a g i n g a r e u n l i k e l y t o be 
r econs t ruc t ed from the s tone a r t e f a c t s a t Lawn H i l l . This c o n c l u s i o n 
a l s o i m p l i e d t h a t t e c h n o l o g y i s n o t embedded i n s u b s i s t e n c e 
p r a c t i c e s , which l e n d s s u p p o r t t o t h e a rgument t h a t ' c u r a t i o n ' of 
a r t e f a c t s may o f t e n h a v e been a r e s p o n s e t o s h o r t a g e s of raw 
m a t e r i a l , r a t h e r t h a n a r e s p o n s e t o t i m e s t r e s s or p a r t i c u l a r 
s t r a t e g i e s of food procurement. 
D e t a i l e d a n a l y s i s of a r c h a e o l o g i c a l assemblages demonstrated the 
complex and s i g n i f i c a n t r e l a t i o n s h i p s between stoneworking technology 
and t h e p r o p e r t i e s of t h e s t o n e m a t e r i a l . One c o n c l u s i o n wh ich was 
drawn from t h i s r e l a t i o n s h i p i s t h a t i n t e r - a s s e m b l a g e v a r i a t i o n i n 
t h e s i z e and o v e r a l l shape of a r t e f a c t s i s n o t n e c e s s a r i l y a good 
i n d i c a t o r of t e c h n o l o g i c a l d i f f e r e n c e s . The same argument a p p l i e s a t 
a p a n c o n t i n e n t a l l e v e l , as i t was o b s e r v e d t h a t t h e r e l a t i v e 
f r e q u e n c y of imp lemen t t y p e s i n two r e g i o n s was n o t an a c c u r a t e 
measure of s i m i l a r i t i e s i n s t o n e w o r k i n g p r o c e d u r e s o r t h e o v e r a l l 
s t r u c t u r e of the technology . These conc lus ions have i m p l i c a t i o n s for 
t h e i n t e r p r e t a t i o n of b o t h s p a t i a l and t e m p o r a l v a r i a t i o n s i n t h e 
a r c h a e o l o g i c a l record . 
The e x a m i n a t i o n of c h r o n o l o g i c a l c h a n g e i n p r e h i s t o r i c 
a c t i v i t i e s i n v i e w of t h e f i n d i n g s of t h i s s t u d y y i e l d e d two 
i m p l i c a t i o n s - F i r s t l y , t h a t t h e r e was a g r e a t e r v a r i e t y of a r t e f a c t 
forms and s t o n e w o r k i n g t e c h n o l o g y t h a n h a d b e e n p r e v i o u s l y 
acknowledged . No u n i - d i r e c t i o n a l t r e n d s have ye t been demonstrated 
t h r o u g h o u t A u s t r a l i a . F u r t h e r m o r e , b e c a u s e of t h e c o m p l i c a t i n g 
e f f e c t s of raw m a t e r i a l p r o p e r t i e s and the s p a t i a l v a r i a t i o n s which 
r e s u l t from r a t i o n i n g , i t was argued t h a t p r e v i o u s approaches t o the 
d e s c r i p t i o n of l o n g - t e r m c h a n g e s i n a r t e f a c t m a n u f a c t u r e and u s e 
should become more s o p h i s t i c a t e d . 
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Secondly, i t was concluded t h a t a v a i l a b l e evidence suppor ts the 
p r o p o s i t i o n t h a t a r i d a r e a s of A u s t r a l i a were o c c u p i e d a t l e a s t 
30,000 y e a r s ago b u t were l a r g e l y abandoned d u r i n g t h e g l a c i a l 
maximum. I t was a l s o suggested t h a t t h i s response to c l i m a t i c change 
was f a c i l i t a t e d by low p o p u l a t i o n d e n s i t i e s and r e l a t i v e l y 
u n d e v e l o p e d i n t e r - g r o u p r e l a t i o n s h i p s d u r i n g t h e t e r m i n a l 
P l e i s t o c e n e . 
I n t h e s e ways , t h e r e s e a r c h documented i n t h i s t h e s i s e n a b l e d 
the r e c o n s t r u c t i o n of a spec t s of p r e h i s t o r i c behaviour a t Lawn H i l l 
and a l l o w e d a new a s s e s s m e n t of i s s u e s r e l e v a n t t o A u s t r a l i a n 
p r e h i s t o r y and to p r e h i s t o r i c a rchaeology i n g e n e r a l . For t h i s reason 
i t i s concluded t h a t d e t a i l e d i n v e s t i g a t i o n s of s tone a r t e f a c t s , and 
stoneworking technology, have much t o c o n t r i b u t e t o our unders tanding 
of the human p a s t . 
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ADZE 1. A chiseling or gouging tool used for shaping and trimming 
wooden artefacts. A composite artefact containing a stone artefact 
as the bit. 2. A functional/typological description of a stone 
artefact thought to have been the bit. 
ALTERNATE FLAKING Flakes removed from different surfaces alternately 
by blows on the same edge. 
AMORPHOUS Non-crystalline, without definite structural parts. 
ANGLE OF APPLIED FORCE The angle at which the force of flaking is 
applied to a rock. 
ANISOTROPIC Not having the same properties in all directions; eg. 
rocks with preferred planes of cleavage. 
ANVIL Object which supports a stone artefact being struck with a 
hammer. 
ANVIL TECHNIQUE A procedure in which an artefact is struck against a 
stationary object with sufficient force to produce a fracture. Also 
called 'block-on-block'. 
APPLIED FORCE The force exerted upon a core or retouched flake. 
ARCHAEOLOGICAL CONTEXT Cultural residues no longer used by humans. 
ARTEFACT Any object which is physically modified by humans. 
ATTRIBUTE A physical characteristic of an artefact. 
AXE A stone-headed axe or hatchet or the stone head alone. 
Characteristically containing two ground surfaces which meet at a 
bevel. 
BACKED When one margin of a flake is retouched at a steep angle, 
and that margin is opposite a sharp edge, both the margin and the 
artefact are said to be backed. 
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BACKED BLADE Retouched flake with backing. 
BEHAVIOUR The observable actions of an organism. 
BEVELED EDGE An edge which has had its angle altered. Often a result 
of Turning The Edge. 
BIFACE A chipped stone artefact which has flake scars on both 
surfaces. Such artefacts generally have lenticular cross-sections and 
platforms which are edges between the flaked surfaces. 
BIPOLAR Technique of knapping where a core is rested on an anvil and 
force applied into the core at an angle close to 90° in the direction 
of the core's contact with the anvil. 
BULB OF FORCE The bulb of force is a convex protruberance located at 
the proximal end of the ventral surface of a flake, immediately below 
the ring crack. Also called the Positive Bulb of Force or simply 'the 
bulb'. 
BULBAR SCAR The negative scar that results from the bulb of force. 
BURIN 1. A chisel-like implement. 2. A retouched flake which has had 
the lateral margin removed by flaking parallel to the percussion axis 
(Crabtree 1972a:48-50), 
BUTT 1. The proximal end of a flake. 2. The end of a stone artefact 
opposite the cutting edge. 
CHERT 1. Mineral: A cryptocrystalline variety of quartz. Composed of 
interlocking grains generally not discernible under the microscope. 
2. Rock: A siliceous sedimentary rock composed of microorganisms or 
precipitated silica grains. Occurs as nodules, lenses or layers in 
limestone and shale. 
CLEAVAGE PLANE A plane of weakness or preferred fracture in a rock. 
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COMPOSITE An artefact made up of two or more parts joined together. 
COMPRESSIVE STRESS A stress which pushes two parts of a body 
together. 
CONCHOIDAL FRACTURE A type of fracture which gives smoothly curved 
surfaces resembling the form of a bivalve shell. 
CONE Shorthand term for Hertzian cone crack, a cone shaped fracture 
plane extending from a circular ringcrack as a result of loading from 
a blunt indenter 
CONJOIN A physical link between artefacts broken in antiquity. 
CONJOIN ANALYSIS The identification of conjoins. 
CONJOIN SET A number of artefacts refitted together. 
CORE A piece of flaked stone which has one or more negative flake 
scars but no positive flake scars. 
CORTEX Weathered outer surface of rock, usually chemically altered. 
CRAZING Production of visible surface cracks by uncontrolled heating 
of rock. 
CRENATED FRACTURE An undulating fracture plane induced by excessive 
heating. 
CRUSHING Abrasion, small fracturing and the formation of ringcracks, 
usually along an edge. 
CRYPTOCRYSTALLINE Rock in which the crystal structure is too fine 
for clear resolution with an optical microscope. 
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CULTURAL MATERIALS The products of human behav iour , such as s tone 
a r t e f a c t s or food d e b r i s . 
DEBITAGE Cores and unretouched f l a k e s . 
DEBRIS 1. Any re fuse d i sca rded from a c u l t u r a l system. 2. Debi tage. 
DECORTICATION Removal of c o r t e x from a s tone a r t e f a c t . 
DEFORMATION Change of shape or dimension under a p p l i e d fo rce . See 
E l a s t i c deformation and P l a s t i c deformation. 
DISCARD The movement of an o b j e c t from i t s s y s t e m i c c o n t e x t t o an 
a r c h a e o l o g i c a l con tex t . 
DISTAL The end of a f l a k e o p p o s i t e t h e b u l b . The a r e a of a f l a k e 
con ta in ing i t s t e rmina t ion . 
DIRECT FREEHAND KNAPPING A method of h o l d i n g t h e m a t e r i a l t o be 
f l a k e d i n t h e u n s u p p o r t e d hand and d i r e c t i n g t h e i n d e n t e r w i t h t h e 
o t h e r hand. 
DIRECT REST A method where t h e c o r e i s i m m o b i l i z e d on an a n v i l 
dur ing f l a k i n g , but b i p o l a r f l a k i n g i s not employed. 
DORSAL SURFACE The face of a f l a k e which was t he core su r face p r i o r 
t o f l a k e r e m o v a l and may t h e r e f o r e r e t a i n n e g a t i v e f l a k e s c a r s or 
c o r t e x . 
DYNAMIC LOADING A p p l i c a t i o n of f o r c e by s t r i k i n g t h e o b j e c t t o be 
f l aked wi th the i n d e n t e r . See Pe rcuss ion f l a k i n g . 
EDGE The j u n c t i o n of two su r faces of a body. 
EDGE DAMAGE The r e m o v a l of s m a l l f l a k e s from t h e edge of an 
a r t e f a c t . 
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ELASTICITY The p r o p e r t y of r e t u r n i n g t o an o r i g i n a l form a f t e r a 
deforming force i s removed. 
ELASTIC DEFORMATION A n o n - p e r m a n e n t d e f o r m a t i o n , i n which t h e 
m a t e r i a l r e v e r t s t o i t s o r i g i n a l shape a f t e r the load i s r e l e a s e d . 
ENERGY Capacity for doing work. 
ERAILLURE FLAKE A f l a k e formed be tween t h e b u l b of f o r c e and t h e 
bu lba r scar . Sometimes the e r a i l l u r e f l a k e adheres t o the core i n the 
b u l b a r s c a r . The e r a i l l u r e f l a k e l e a v e s no s c a r on t h e c o r e , bu t 
a lways l e a v e s a s c a r on t h e v e n t r a l s u r f a c e of t h e f l a k e . The 
e r a i l l u r e f l a k e i s c o n v e x / c o n c a v e ( l i k e a men i scus l e n s ) , has no 
d i s t i n c t f e a t u r e s on the "dorsa l face", but may con ta in compression 
r ings on the bu lba r face . 
ETHNO-ARCHAEOLOGY The study of m a t e r i a l c u l t u r e and i t s d i s c a r d i n 
ex tant s o c i e t i e s . 
EXHAUSTED An a r t e f a c t which can no l o n g e r be used f o r t h e same 
a c t i v i t y . For e x a m p l e , a c o r e from which f l a k e s can no l o n g e r be 
s t ruck . 
FABRICATOR Any ob jec t used to apply force t o a p iece of s tone i n the 
knapping p rocess . See a l s o Hammer, Percussor , or Inden te r . 
FACE One of t h e s u r f a c e s an a r t e f a c t may p o s s e s s - s ee D o r s a l and 
Ven t r a l . 
FACETED PLATFORM A p l a t f o r m which i s c r e a t e d by t h e r e m o v a l of a 
number of f l a k e s c a r s . 
FEATHER TERMINATION A t e r m i n a t i o n of the f r a c t u r e p l ane t h a t occurs 
g r a d u a l l y ( i e . t h e r e a r e no s h a r p bends i n t h e p l a n e ) , p r o d u c i n g a 
t h i n , low angled d i s t a l margin. 
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FLAKE 1. Any p i e c e of s t o n e f r a c t u r e d from a l a r g e r mass by t h e 
a p p l i c a t i o n of an e x t e r n a l fo rce . 2. The p i ece of s tone s t r u c k off a 
c o r e . I t ha s a s e r i e s of c h a r a c t e r i s t i c s showing t h a t i t ha s been 
s t r u c k off . The most i n d i c a t i v e of t h e s e f e a t u r e s a r e r i n g c r a c k s , 
showing where the hammer h i t the core . Also the v e n t r a l su r face may 
be deformed i n c h a r a c t e r i s t i c fash ion , for example hav ing a b u l b or 
e r a i l l u r e . 
FLAKED PIECE A c h i p p e d a r t e f a c t which c a n n o t be c l a s s i f i e d as a 
f l a k e , core , or re touched f l a k e . 
FLAKER A f a b r i c a t o r used s o l e l y for p r e s s u r e f l a k i n g . 
FLAKING The p r o c e s s of f r a c t u r i n g s t o n e by t h e a p p l i c a t i o n of an 
e x t e r n a l fo rce . 
FLINTKNAPPER A knapper; 
FORCE The q u a n t i t y of e n e r g y e x e r t e d by a moving body; power 
exer ted ; energy exer ted to move another body from a s t a t e of i n e r t i a . 
FRACTURE I r r e g u l a r s u r f a c e p r o d u c e d by b r e a k i n g a m i n e r a l a c r o s s 
r a t h e r than a long c l e a v a g e p l a n e s . 
GENERALISED REDUCTION SEQUENCE A d e s c r i p t i o n of t he s e t of knapping 
b e h a v i o u r s common t o , and c h a r a c t e r i s t i c of, a nvimber of R e d u c t i o n 
Sequences i n one assemblage or reg ion . 
GRAIN A d e s c r i p t i o n of t he s i z e of p a r t i c l e s or c r y s t a l s i n rocks or 
sand. Coarse gra ined rocks have p a r t i c l e s or c r y s t a l s which a r e l a r g e 
(1 mm or more), and f ine gra ined rocks have p a r t i c l e s which a r e sma l l 
(0 .1 mm or l e s s ) . 
GREYWACKE Hard f i n e - g r a i n e d rock of v a r i a b l e composi t ion con ta in ing 
some q u a r t z and f e l s p a r b u t m o s t l y v e r y f i n e p a r t i c l e s of r o c k 
fragments . 
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GRINDING The abrasion of an artefact, accomplished by rubbing it 
with an abrasive stone and/or grit. 
GRINDSTONE 1. Any artefact which has been ground. 2. The abrasive 
stone used to abrade another artefact or to processes food. 
HAMMER A fabricator used to apply a dynamic load. 
HAND-HELD Description of the method used to immobilize the rock 
during knapping, in which it is held in one hand and struck by a 
fabricator held in the other hand. 
HARDNESS Resistance of material to permanent deformation. 
HINGE TERMINATION A fracture plane which turns sharply toward the 
free surface of the core immediately prior to the termination of the 
fracture. The bend of the ventral surface is rounded and should not 
be confused with a step termination. 
HINGE FRACTURE RECOVERY The process of removing hinge terminations 
from the core. The process can take two different forms: removing the 
hinge termination by further flaking (ie. on the dorsal surface of 
flakes), or by grinding the core surface. 
HOMOGENEOUS Uniform structure and property throughout the material. 
INCIPIENT CRACK A crack or line of weakness in the rock. 
INCLUSION An impurity or foreign body in the stone which reduces the 
homogeneity of the rock. 
INDIRECT PERCUSSION Punch technique. 
INDENTER An object which is applying a load. 
INWARD FORCE Force applied to the platform, and directed into the 
body of the core. 
KNAPPER A human who creates stone artefacts by flaking. 
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KNAPPING The process of striking rocks and causing them to fracture. 
KNAPPING FLOOR The debris left on one spot and resulting from the 
reduction of one block of raw material. 
KNAPPING LOCATION A site comprised of one or more knapping floors. 
LATERAL MARGINS The margins of a flake either side of the percussion 
axi s. 
LENGTH The distance from the platform to the termination of a flake 
or flake scar. Also Percussion Length. 
LOAD Applied force. 
LOADING The application of force. 
LONGITUDINAL CROSS SECTION The cross-section of a flake along its 
percussion axis. 
MAINTENANCE The process of keeping an artefact in a particular state 
or condition. An edge which is being used is maintained by flaking 
off blunted portions. A core is maintained by keeping its 
characteristics within the limits required for certain types of 
flaking. 
MANUFACTURE The process of making an artefact. 
MARGIN Edge between the ventral and dorsal surfaces of a flake. 
MASS The quantity of matter in an object. 
METHOD A particular pattern of knapping behaviour. 
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MICROCRYSTALLINE Rocks i n which t h e c r y s t a l s a r e v e r y s m a l l bu t 
v i s i b l e i n an o p t i c a l microscope. 
MICROWEAR Microscopic use-wear. 
MODULUS OF ELASTICITY The r a t i o of any s t r e s s t o t h e r e s u l t i n g 
s t r a i n . 
MORPHOLOGY The topograph ica l c h a r a c t e r i s t i c s of the e x t e r i o r of an 
a r t e f a c t . 
NEGATIVE BULB OF FORCE The c o n c a v e s u r f a c e l e f t a f t e r a f l a k e has 
been removed. See Bulbar Scar. 
NORMAL FORCE Angle of a p p l i e d force i n which the force i s d i r e c t e d 
a t approximately 90° t o t he p l a t fo rm of the core . 
OUTREPASSE 1. A f r a c t u r e t e rmina t ion where the f r a c t u r e path curves 
m a r k e d l y away from t h e c o r e f a c e and c o n t i n u e s d i r e c t l y i n t o t h e 
core, removing the base of the core and g i v i n g the f l a k e a J shape i n 
l o n g i t u d i n a l c ross s e c t i o n . 2. Any f l a k e c o n t a i n i n g an o u t r e p a s s e 
t e r m i n a t i o n . 
OUTWARD FORCE Force a p p l i e d w h i l e the i nden te r i s moving away from 
t h e body of t h e c o r e . 
OVERHANG The l i p on a c o r e or r e t o u c h e d f l a k e , caused by t h e 
p la t fo rm being undercut by the bu lb on the f l a k e removed. 
OVERHANG REMOVAL The ac t of brushing or tapping the p l a t fo rm edge i n 
order t o remove the overhang i n a s e r i e s of sma l l f l a k e s . 
PATINA An a l t e r a t i o n of r o c k s u r f a c e s by m o l e c u l a r or c h e m i c a l 
change (bu t n o t by a t t r i t i o n , hence n o t t o be confused w i t h sand 
b l a s t i n g ) . 
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PERCUSSION FLAKING The p r o c e s s of d e t a c h i n g f l a k e s by s t r i k i n g w i t h 
a p e r c u s s o r . A l s o Dynamic Load ing . 
PERCUSSION LENGTH The d i s t a n c e a l o n g t h e v e n t r a l s u r f a c e from t h e 
r i n g c r a c k t o t h e f l a k e t e r m i n a t i o n . 
PERCUSSOR Hammer 
PLANE OF FRACTURE The f r a c t u r e p a t h w h i c h p r o d u c e s t h e v e n t r a l 
s u r f a c e of a f l a k e . 
PLASTIC DEFORMATION D e f o r m a t i o n b e y o n d t h e e l a s t i c l i m i t s o f t h e 
m a t e r i a l c r e a t i n g i r r e v e r s i b l e e f f e c t s ; i n c l u d e s a l l k i n d s o f 
m e c h a n i c a l damage. P l a s t i c d e f o r m a t i o n i s c h a r a c t e r i s e d by an a b r u p t 
' y i e l d p o i n t ' a b o v e wh ich t h e f l o w i s sudden . 
PLATFORM Any s u r f a c e t o wh ich a f a b r i c a t o r i s a p p l i e d when k n a p p i n g . 
PLATFORM ANGLE 1. The a n g l e be tween t h e p l a t f o r m and c o r e f a c e on a 
c o r e . 2 . The a n g l e b e t w e e n t h e p l a t f o r m a n d d o r s a l s u r f a c e on a 
f l a k e . 3 . The a n g l e b e t w e e n t h e p l a t f o r m a n d f l a k e d s u r f a c e on a 
r e t o u c h e d f l a k e . 
PLATFORM PREPARATION A l t e r a t i o n of t h e p o r t i o n of t h e p l a t f o r m which 
r e c e i v e s t h e f a b r i c a t o r by g r i n d i n g , p o l i s h i n g o r f l a k i n g . 
PLATFORM REMOVAL FLAKE A f l a k e w h i c h c o n t a i n s a p l a t f o r m on t h e 
d o r s a l s u r f a c e . 
POINT OF CONTACT P o i n t of F o r c e A p p l i c a t i o n . 
POINT OF FORCE APPLICATION The a r e a of t h e p l a t f o r m i n c o n t a c t w i t h 
t h e i n d e n t e r d u r i n g k n a p p i n g . 
POSITIVE BULB OF FORCE B u l b of f o r c e . 
POTLID A c o n c a v e - c o n v e x o r p l a n o - c o n v e x f r a g m e n t of s t o n e . P o t l i d s 
n e v e r h a v e a r i n g c r a c k o r any o t h e r f e a t u r e r e l a t i n g t o t h e i n p u t of 
e x t e r n a l f o r c e . They o f t e n h a v e a c e n t r a l p r o t r u b e r a n c e w h i c h 
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i n d i c a t e s an i n t e r n a l i n i t i a t i o n t o t h e f r a c t u r e . P o t l i d s a r e t h e 
r e s u l t of d i f f e r e n t i a l expansion of heated rock. 
PRESSURE FLAKING The p r o c e s s of d e t a c h i n g f l a k e s by a p r e s s i n g 
force . Also S t a t i c Loading. 
PRIMARY DECORTICATION The f i r s t r e m o v a l of c o r t e x from a c o r e , 
c r e a t i n g a primary d e c o r t i c a t i o n f l a k e . 
PRIMARY DECORTICATION FLAKE A f l a k e which has a d o r s a l s u r f a c e 
covered e n t i r e l y by cor tex . 
PROCUREMENT Obtaining raw m a t e r i a l s . 
PUNCH An o b j e c t which i s p l a c e d on a c o r e or r e t o u c h e d f l a k e and 
r e c e i v e s the blow from the percussor . 
PUNCH TECHNIQUE The use of a punch. Also I n d i r e c t percuss ion . 
QUARRY A p l a c e where humans o b t a i n e d s t o n e or o c h r e f o r a r t e f a c t 
manufacture 
QUARTZ A form of s i l i c a . 
QUARTZITE A sandstone i n which the qua r t z sand g ra in s a r e comple te ly 
cemented toge the r by secondary q u a r t z depos i ted from s o l u t i o n . 
REDIRECTING FLAKE A f l a k e which u s e s an o l d p l a t f o r m as a d o r s a l 
r idge t o d i r e c t the f r a c t u r e p l a n e . 
REDIRECTION R o t a t i o n of a c o r e , and i n i t i a t i o n of f l a k i n g from a 
new p l a t f o r m s i t u a t e d a t r i g h t a n g l e s t o a p r e v i o u s p l a t f o r m . 
Produces a r e d i r e c t i n g f l a k e . 
REDUCTION P r o c e s s of b r e a k i n g down s t o n e by e i t h e r f l a k i n g o r 
g r i n d i n g . 
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REDUCTION SEQUENCE A d e s c r i p t i o n of t h e o r d e r i n wh ich r e d u c t i o n 
occurs w i t h i n one b lock of s tone . 
REDUCTION STRATEGY G u i d e l i n e s used by k n a p p e r s t o e n a b l e them t o 
apply t h e i r s k i l l s . 
REDUCTION SYSTEM A d e s c r i p t i o n of manufactur ing p a t t e r n s which does 
not order the a c t i o n s i n t h e i r c o r r e c t t ime sequence. 
REJUVENATE The p r o c e s s of f l a k i n g i n such a way t h a t f u r t h e r 
r educ t ion i s p o s s i b l e or i s e a s i e r . This u s u a l l y i n v o l v e s removing 
unwanted f e a t u r e s , such as s t e p t e r m i n a t i o n s , or making u n s u i t a b l e 
c h a r a c t e r i s t i c s more f a v o r a b l e , f o r example c h a n g i n g t h e p l a t f o r m 
ang le . 
REPLICA A c o p y of a p r e h i s t o r i c a r t e f a c t made by a m o d e r n 
i n v e s t i g a t o r for r e sea r ch purposes . 
REPLICATIVE SYSTEMS ANALYSIS A method of a n a l y s i n g p r e h i s t o r i c 
a r t e f a c t s by c r e a t i n g exact r e p l i c a s of a l l t he manufactur ing d e b r i s . 
RESHARPENING The process of making a b l u n t edge sharper by g r ind ing 
or f l a k i n g . 
RETOUCHED FLAKE A f l a k e which has subsequen t ly been r e - f l a k e d . 
RETOUCHING The ac t of knapping a f l a k e i n t o a re touched f l a k e . 
RIDGE The i n t e r s e c t i o n of two s u r f a c e s , o f t en a t t he j u n c t i o n of two 
n e g a t i v e s c a r s . 
RING CRACK A c i r c u l a r p a t t e r n of m i c r o - f i s s u r e s p e n e t r a t i n g i n t o the 
a r t e f a c t a round t h e P o i n t of F o r c e A p p l i c a t i o n and i n i t i a t i n g t h e 
f r a c t u r e . I t a p p e a r s on t h e v e n t r a l s u r f a c e u s u a l l y a s a s e m i -
c i r c u l a r p ro t ruberance on the edge of t h e p l a t fo rm. 
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SAND Q u a r t z g r a i n s w i t h o n l y a s m a l l c o n t e n t of o t h e r m a t e r i a l s . 
G r a i n s i z e 2.00 mm t o 0.05 mm. 
SANDSTONE A sedimentary rock composed of sand, and wi th on ly a smal l 
amount of o the r m a t e r i a l , which has been c o n s o l i d a t e d by a r g i l l a c e o u s 
or c a l ca r eous bonding of g r a i n s . 
SCAR The f e a t u r e l e f t on an a r t e f a c t by t h e r e m o v a l of a f l a k e . 
Inc ludes n e g a t i v e b u l b , n e g a t i v e r ingc rack and n e g a t i v e t e rmina t ion . 
SECONDARY DECORTICATION The removal of co r t ex from a core a f t e r the 
primary d e c o r t i c a t i o n f l a k e . 
SECONDARY DECORTICATION FLAKE A f l a k e which has b o t h c o r t e x and 
f l a k e sca rs on the d o r s a l su r face . 
SHEAR The e f f e c t produced by the a c t i o n of a shear s t r e s s . 
SHEAR STRESS A s t r e s s causing or tending t o cause two adjacent p a r t s 
of a s o l i d t o s l i d e p a s t one a n o t h e r p a r a l l e l t o t h e p l a n e of 
c o n t a c t . 
SILICA S i l i c o n d iox ide . 
SILCRETE A s i l i c i f i e d sediment. 
SILICEOUS Having a h igh s i l i c a con ten t . 
SITE A concen t r a t i on of c u l t u r a l m a t e r i a l . 
SPALL Synonym for F lake . 
SPLIT To Cleave or Shear. 
STATIC LOADING A p p l i c a t i o n of fo rce by p l a c i n g the i n d e n t e r on the 
ob jec t t o be f l aked and then app ly ing load. Also Pressu re f l a k i n g . 
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STEP TERMINATION A fracture plane which turns sharply towards the 
free surface of the core immediately prior to the termination of the 
fracture. The bend of the ventral surface is sharp, often a right 
angle. 
STEP FRACTURE RECOVERY The process of removing step terminations 
from the core. 
STIFFNESS Resistance of material to elastic deformation. 
STONEWORKING The manufacture of stone artefacts. 
STRAIN Deformation of the shape or size of a body as a result of the 
stress applied to it. 
STRESS A force causing strain. 
SURFACE SITE A site where artefacts are found on the ground surface. 
SYSTEMIC CONTEXT Cultural materials operating within an ongoing 
behavioural system. 
TAPHONOMY The study of the depositional and preservational processes 
which produce archaeological or palaeontological material. 
TECHNIQUE A particular combination of circumstances involved in 
making stone artefacts. Includes the ways of applying force, moving 
the body and the objects used. 
TECHNOLOGY The manufacturing behaviour of humans. 
TENSION Forces which draw portions of a body apart. 
TENSILE STRESS A stress which pulls two parts of a body apart. 
TENSILE STRENGTH The ability of a material to resist tensile 
stress. 
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TERMINATION The p o i n t a t which t h e f r a c t u r e p l a n e r e a c h e s t h e 
surface of a core and detaches a f l a k e . 
TERTIARY FLAKE A f l a k e wi thout co r t ex . 
THERMAL TREATMENT A l t e r a t i o n of s i l i c e o u s m a t e r i a l s by c o n t r o l l e d 
exposure to hea t . 
THICKNESS Measurement of the d i s t a n c e between the d o r s a l and v e n t r a l 
sur faces of a f l a k e . 
TOOL Any ob jec t which i s used. 
TRANSFORMATION An i n f e r e n c e a b o u t t h e s y s t e m i c c o n t e x t based on 
a r c h a e o l o g i c a l o b j e c t s . 
TRANSVERSE CROSS SECTION The c ross s e c t i o n of a f l a k e a t 90° t o the 
l eng th . 
TULA A f l a k e w i t h a p r o m i n e n t b u l b , l a r g e p l a t f o r m and 
p l a t f o r m / v e n t r a l sur face ang le of about 130°, which i s retouched a t 
the d i s t a l end. Not t o be confused wi th a Tula Adze. 
TULA ADZE A composite t o o l observed e t h n o g r a p h i c a l l y , c o n s i s t i n g of 
a s tone a r t e f a c t (of ten a Tu la ) , a wooden handle and r e s i n . 
TURNED EDGE The r e s u l t of t u r n i n g the edge. 
TURNING THE EDGE Process of b e v e l i n g the p l a t fo rm edge of a producer 
a r t e f a c t by removing m u l t i p l e s m a l l f l a k e s . 
UNIDIRECTIONAL CORE Core from which f l a k e s were removed from one 
p la t fo rm sur face and i n on ly one d i r e c t i o n . 
UNIFACE A r t e f a c t f l aked on on ly one s ide . 
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USE The performance of a stone artefact in an activity involving 
non-stone objects. 
USELIFE The period of time during which an artefact is used. 
USE-WEAR Damage to the edges or working surfaces of tools sustained 
in use. 
VENTRAL SURFACE The surface of a flake created when it is removed 
and identified mainly by the presence of a ring crack. 
VITREOUS Glassy amorphous texture. 
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GEOLOGICAL HISTORY OF LAWN HILL 
The o l d e s t r o c k s i n t h e s t u d y a r e a were l a i d down o v e r 1500 
m i l l i o n years ago, dur ing a major episode of marine sed imenta t ion i n 
t h e P r e c a m b r i a n . A number of f o r m a t i o n s c r e a t e d a t t h a t t i m e h a v e 
been c l a s s i f i e d as t h e McNamara Group by H u t t o n , Cavaney and Sweet 
(1981) and Sweet and Hutton (1982). The lowermost rocks of t h i s group 
i n the study area comprise the Lady Lo re t t a Formation (Pml), a s e r i e s 
of medium-bedded dolomi tes and d o l o m i t i c s i l t s t o n e and sands tones . A 
cher t b r ecc i a which sometimes occurs a t the base of t h i s formation i s 
not p resen t i n the study a rea , but s t r o m a t o l i t h i c che r t may occur i n 
the upper l e v e l s (Sweet and Hutton 1982:12). Sharply o v e r l y i n g t h i s 
f o r m a t i o n a r e t h e o r t h o q u a r t z i t e beds of t h e Shady Bore Q u a r t z i t e 
(Pms). I n t e r b e d d e d w i t h t h e o r t h o q u a r t z i t e a r e v a r i o u s forms of 
dolomi te (Sweet and Hutton 1982:12). The Shady Bore Q u a r t z i t e grades 
i n t o t h e R i v e r s l e i g h S i l t s t o n e (Pmr), which c o n s i s t s of v a r i o u s 
s i l t s t o n e s , do lomi te and d o l o m i t i c sandstone. This formation r e s u l t e d 
from a s u b s i d e n c e of t h e m a r i n e b a s i n , which changed s h a l l o w - w a t e r 
h igh-energy environments i n t o deeper-water low^energy ones (Sweet and 
Hut ton 1982 :19) . I t was unde r t h e l a t t e r c o n d i t i o n s t h a t t h e 
o v e r l y i n g sediments were formed. Sandstones c a l l e d the Termite Range 
F o r m a t i o n (Pmt) were d e p o s i t e d as t u r b i d i t e s i n a deep -wa te r b a s i n 
(Sweet and Hu t ton 1982 :31 ) . Only Pmt3, t h e uppermos t member of t h e 
f o r m a t i o n , c r o p s o u t i n t h e s t u d y a r e a . Pmt3 c o n s i s t s of 
s t r u c t u r e l e s s beds of s i l t s t o n e and s a n d s t o n e (Sweet and H u t t o n 
1982:19) . I n t h e P l o u g h e d M o u n t a i n , however , t h e r e a r e o u t c r o p s of 
more s i l i c i f i e d v a r i a n t s of these sediments . 
The deep water and low energy d e p o s i t i o n a l environment continued 
as t h e s u c c e e d i n g r o c k s of t h e Lawn H l l 1 F o r m a t i o n (Pmh) were 
c r e a t e d . Th i s f o r m a t i o n r e s t s c o n f o r m a b l y on t h e T e r m i t e Range 
Formation and Sweet and Hutton (1982:22-24) c l a s s i f i e d the sediments 
as f i v e members: 
Pmhl. t h e b a s a l member, c o n s i s t s of c a r b o n a c e o u s s h a l e s and 
s i l t s t o n e beds. 
Pmh2 c o n s i s t s of t u f f and tuf faceous s i l t s t o n e . 
Pmh3 comprises micaceous l i t h i c and conglomerate sands tones . 
Pmh4 c o n s i s t s of s i l t s t o n e , tu f faceous s i l t s t o n e , tuf faceous 
sandstone, tuf f , s h a l e and minor do lomi te . 
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Pmh5 i s a t h i c k f e l d s p a t h i c s a n d s t o n e i n t e r b e d d e d w i t h 
s i l t s t o n e . 
The W i d d a l l i o n S a n d s t o n e Member (Pmh5), t h e u p p e r m o s t of t h e Lawn 
H i l l Formation, i s of sha l low-wate r o r i g i n , p robab ly an o f f shore sand 
body, i n d i c a t i n g t h a t by t h i s time the d e p o s i t i o n a l b a s i n had e i t h e r 
f i l l e d up or been u p l i f t e d (Sweet and Hutton 1981:31). 
A major p e r i o d of f o l d i n g and f a u l t i n g t o o k p l a c e a f t e r t h e 
d e p o s i t i o n of t h e Lawn H i l l F o r m a t i o n c e a s e d . E r o s i o n t h e n exposed 
o l d e r p a r t s of t h e s e q u e n c e . Sweet and H u t t o n (1982:31) s u g g e s t e d 
t h a t subsidence west of the Lawn H i l l r eg ion renewed the d e p o s i t i o n 
of s e d i m e n t s i n f l u v i a l and s h a l l o w - m a r i n e e n v i r o n m e n t s . The 
r e s u l t i n g Constance Sandstone (Psc) c o n s i s t s of p o o r l y s o r t e d f i n e t o 
c o u r s e - g r a i n e d q u a r t z sand w i t h mica and c l a y i m p u r i t i e s . Beds a r e 
f l aggy to mass ive , cross-bedded and r ipp le -marked (Car t e r , Brooks and 
Walker 1961:118). 
Fo l lowing the formation of t he Constance sandstone a per iod of 
u p l i f t and f o l d i n g began . I n t h e C o n s t a n c e S a n d s t o n e t h e main 
s t r u c t u r e s which r e s u l t e d were two f a u l t e d , e l l i p t i c a l bas ins wi th 
d i p s o f t e n a b o u t 30° . Major e a s t - w e s t f a u l t s r e s u l t e d i n v e r t i c a l 
movements i n excess of 1,000 m and l o c a l a r ea s i n which d ips a r e near 
v e r t i c a l (Car te r , Brooks and Walker 1961:188-189). 
E r o s i o n t h e n o c c u r r e d u n t i l t h e Cambr ian , when t h e s t u d y a r e a 
formed t h e n o r t h e a s t e r n m a r g i n of t h e G e o r g i n a B a s i n . Dur ing t h e 
Cambrian, p h o s p h o r i t e and l i m e s t o n e s e d i m e n t s were l a i d down i n 
s h a l l o w m a r i n e c o n d i t i o n s . W i t h i n t h e s t u d y a r e a t h e s e e v e n t s a r e 
r e p r e s e n t e d by t h r e e f l a t and l a r g e l y undeformed s t r a t a . The 
T h o r n t o n i a L imes tone (Emt) i s composed p r e d o m i n a n t l y of d o l o m i t e 
ranging i n g r a i n s i z e from m i c r o c r y s t a l l i n e t o c o a r s e l y c r y s t a l l i n e , 
and weathers from y e l l o w t o grey (Keyser 1969:11-12; Keyser and Cook 
1972 :18) . Of p a r t i c u l a r i n t e r e s t i s t h e o c c u r r e n c e of c h e r t w i t h i n 
t h i s s t r a tum, desc r ibed by Keyser and Cook (1972:18) as f o l l o w s . 
I r r e g u l a r pa t ches , l a y e r s and nodules of s i l i c a 
occur i n p l a c e s . Towards t he top of t h e format ion 
c h e r t becomes p a r t i c u l a r l y common. Th i s C h e r t 
Member of t h e T h o r n t o n i a L i m e s t o n e i s a 
p e r s i s t e n t and v e r y d i s t i n c t i v e n o n - c a r b o n a t e 
u n i t . 
334 
Appendix 1 
This concentration of chert probably resulted from diagenetic 
processes involving the leaching of carbonate and/or the replacement 
of carbonate with silica (Keyser and Cook 1972:20). There is some 
evidence to suggest that much of this silicification may have taken 
place prior to lithification (Keyser and Cook 1972:66). 
To the west of the Thorntonia Limestone, the dolomite stratum 
thickens and is known as the Camooweal Dolomite (Ed)(Smith 1972:92; 
Keyser and Cook 1972:20). The two formations are lithological ly 
identical. 
To the east and north, the Thorntonia Limestone grades laterally 
and abruptly into the Border Waterhole Formation (Emo)(Keyser 
1969:11; Keyser and Cook 1972:22). This formation consists of 
siliceous shale and associated chert rubble which was reworked and 
transported before being deposited (Keyser 1969:14). This material 
was probably laid down in a number of small basins which coalesced 
(Keyser and Cook 1972:30). 
Lawn Hill probably remained land for a prolonged period 
following the formation of the Georgina Basin strata. Sedimentation 
ceased within the study area, although at Riversleigh, to the east, 
fluvial and marine sediments were deposited during the Jurassic and 
Early Cretaceous. Sedimentation in the wider region ceased in the 
Late Cretaceous and deep weathering and minor uplift followed. Sweet 
and Hutton (1981:31) concluded that this period saw widespread 
ferruginisation of colluvium and gravel deposits which remain visible 
today. 
By the Tertiary, the landscape and drainage had assumed its 
present appearance. Since then, sediments have been deposited on the 
extensive flood plains surrounding the Gulf of Carpentaria and in 
many areas these sediments obscure the underlying geology. 
The location of rock outcrops within the study area is 
complicated not only by the surface covering of colluvium and 
alluvivun, but by massive warping and folding of the Precambrian 
strata. The earliest formations (Lady Loretta Formation, Shady Bore 
Quartzite, Riversleigh Siltstone and Termite Range Formations) 
surface mostly in the north, with two smaller occurrences in the 
central portion of the region (Figure 3:2). Rocks of the Lawn Hill 
Formation crop out in patches throughout the central and northern 
parts of the study area (Figure 3:3). Constance Sandstone exists only 
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as a thin band running northwest-southeast across the central part of 
the study area (Figure 3:4). Dolomitic rocks of the Georgina sequence 
(Thorntonia Limestone, Camooweal Dolomite, Border Waterhole 
Formation) are common in the southern part of the area and in smaller 
patches to the north (Figure 3:5). 
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PETROLOGICAL DESCRIPTIONS 
h^f' 
A.Watchman and P.Hiscock 
This appendix details the thin-section petrology and fracture 
characteristics of rock specimens studied by Alan Watchman, a 
consultant geologist, in 1982 and 1983. Two main issues were 
addressed. The first was the identification of raw material types and 
their likely sources. Although the geology of the Lawn Hill area is 
complex, it changes systematically across the landscape, making it 
possible to source material to a general area. Chert, for example, 
comes from the limestone/dolomite areas. It was thought that more 
precise sourcing might be possible on the basis of data gained by the 
petrological information. For example, in the field it was possible 
to differentiate in hand specimens, R Chert from the creeks and Q 
Chert found in situ in the limestone. The question was whether this 
division coincided with any differences in structure or composition 
which could be seen in thin-section. 
Hiscock was also interested in the variation within one type of 
stone material, such as in the cherts found in the limestone areas, 
and the arenaceous materials on the Carpentarian Plain. This was 
because non-artefactual nodules which had been ignored by knappers 
working at a quarry may differ slightly from materials which the 
knappers preferred. For this reason. Watchman examined a number of 
specimens of each raw material type. 
The second issue addressed by the petrological study was the 
characterisation of those aspects of the structure and composition of 
the rocks which might affect fracturing. Most specimens were flaked 
by Hiscock prior to Watchman's examination, and their fracturing 
characteristics recorded. Watchman then noted any features which 
might affect fracture, such as grain size/orientation, inclusions, 
incipient cracks/stresses, and chemical composition. 
Thirty specimens were submitted for petrological examination. 
Twenty-one specimens were chert, five were greywacke, two were 
quartzite, one was silcrete and one was metadolerite. Twenty were 
prehistoric artefacts; while the remainder were unmodified nodules of 
raw materials. Each of themis now described in detail. Watchman wrote 
the petrological descriptions and Hiscock prepared the information 
about context and fracture characteristics. 
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CHERT 
RIVER COBBLES 
C h e r t c o b b l e s f rom g r a v e l b e d s a l o n g Lawn H i l l a n d C o l l e s s 
Creeks a r e of e s s e n t i a l l y t h e same m i n e r a l o g y , a r e g e n e r a l l y c o l o u r -
banded and show s i m i l a r w e a t h e r i n g f e a t u r e s . The s a m p l e s i n v e s t i g a t e d 
c o u l d h a v e been d e r i v e d from t h e same g e o l o g i c a l f o r m a t i o n , i n d e e d 
from t h e same o u t c r o p . Even t h o u g h t h e y a r e banded , t h e homogeneous 
c o m p o s i t i o n and r e l a t i v e l y u n i f o r m g r a i n s i z e w o u l d make t h e m 
s u i t a b l e f o r f l a k i n g . However, t h e bands may show m i c r o - c o m p o s i t i o n a l 
d i f f e r e n c e s when d e t a i l e d a n a l y s e s a r e made w h i c h w o u l d a f f e c t t h e 
f l a k i n g p r o p e r t i e s . 
SPECIMEN 1 
TYPE: N o n - a r t e f a c t u a l r i v e r c o b b l e (R C h e r t ) . 
CONTEXT: From a bed of c o b b l e s i n Lawn H i l l C reek , n e a r s i t e LH2. 
FRACTURE CHARACTERISTICS: Good, p r e d i c t a b l e u n i f o r m f r a c t u r e . S m a l l 
i n c l u s i o n s / r e c r y s t a l i s a t i o n s wh ich a r e v i s i b l e w i t h o u t m a g n i f i c a t i o n 
do n o t seem t o a l t e r t h e f r a c t u r e p a t h . T h i n c o r t e x t r a n s m i t s f o r c e 
w e l l and i s an a d e q u a t e p l a t f o r m . 
PETROLOGICAL IDENTIFICATION: Cream t o d a r k - g r e y c h e r t , c o l o u r - b a n d e d , 
brown p a t i n a . 
PETROLOGICAL DESCRIPTION: V e r y f i n e g r a i n e d c h e r t c o n s i s t i n g 
p r e d o m i n a n t l y of f i b r o u s and g r a n u l a r c h a l c e d o n y . Bands a r e l e s s t h a n 
2 mm a c r o s s and r e s u l t from g r a i n s i z e and c o m p o s i t i o n a l d i f f e r e n c e s . 
M i n u t e g r a i n s of r e d - b r o w n i r o n o x i d e a r e r a n d o m l y d i s t r i b u t e d i n 
some of t h e b a n d s . L e s s t h a n 5Z o f t h e r o c k i s s i l i c a - f i l l e d 
c a v i t i e s . T h e s e h o l l o w s w e r e f o r m e d by d i s s o l u t i o n of t h e p r e -
e x i s t i n g m i n e r a l and p r e c i p i t a t i o n of a c i c u l a r and f i b r o u s c h a l c e d o n y 
i n r a d i a l g r o w t h r i n g s . A f e w o f t h e c a v i t i e s c o n t a i n 
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m i c r o c r y s t a l l i n e quar tz i n g r a n u l a r mosaics and o t h e r s have c e n t r e s 
of m i c r o c r y s t a l l i n e qua r t z and rims of f ib rous chalcedony. Except for 
the s i l i c e o u s c a v i t y f i l l i n g s the rock i s g e n e r a l l y homogeneous and 
equ ig ranu la r . 
The brown s u r f a c e i s c a u s e d by o x i d a t i o n of t h e m i n u t e i r o n 
oxide g ra ins and replacement of chalcedony by hydrous i r o n m i n e r a l s . 
I r o n m i n e r a l s h a v e p e n e t r a t e d t h e rock a l o n g s m a l l c r a c k s bu t 
weathering a long the f i s s u r e s i s on ly s l i g h t . 
SPECIMEN 2 
TYPE: Non-artefactual river cobble (R Chert). 
CONTEXT: From a bed of cobbles in Lawn Hill Creek, near site LH2. 
FRACTURE CHARACTERISTICS: Good predictable fracture. Like Specimen 
1, this cobble had thin smooth cortex which transmitted force well. 
Unlike Specimen 1 this sample contained noticeable banding which the 
fracture plane occasionally followed. 
PETROLOGICAL IDENTIFICATION: Cream to pale brown chert, concentric 
bands, brown patina. 
PETROLOGICAL DESCRIPTION: Extremely fine grained homogeneous chert 
consisting of granular and fibrous chalcedony. Less than IZ of the 
rock is cavities which are filled by fibrous chalcedony. The 
concentrically banded parts of the rock are composed of higher 
concentrations of tiny opaque minerals. Some bands contain up to 40Z 
opaques. 
The s u r f a c e p a t i n a t i o n i s caused by y e l l o w and red-brown i r o n 
oxides developed between g r a i n s of s i l i c a which pseudomorph carbonate 
rhombs. More t h a n 70Z of t h e s u r f a c e i s i r o n . The s i l i c a m a t r i x 
be tween t h e rhombs has been w e a t h e r e d by d i r e c t r e p l a c e m e n t of 
chalcedony by i r o n m i n e r a l s . 
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SPECIMEN 3 
TYPE: N o n - a r t e f a c t u a l r i v e r c o b b l e (R C h e r t ) . 
CONTEXT: From a bed of c o b b l e s on Lawn H i l l C reek , n e a r LH2. 
FRACTURE CHARACTERISTICS: T h i s s p e c i m e n h a d p r o n o u n c e d b a n d i n g of 
w h i t e and g r e y m a t e r i a l . T h e s e b a n d s c a u s e d t h e f r a c t u r e p l a n e t o 
d e v i a t e c o n s i d e r a b l y from t h e p a t h one wou ld e x p e c t i n an i s o t r o p i c 
r o c k . When s t r u c k i n t h e d i r e c t i o n of t h e b a n d i n g t h e r o c k t e n d e d t o 
c l e a v e ; when s t r u c k a c r o s s t h e b a n d s t h e f r a c t u r e was s l i g h t l y 
i r r e g u l a r , w i t h d e v i a t i o n s i n t h e f r a c t u r e p l a n e a t t h e b o u n d a r y of 
t h e b a n d s . Again a smooth t h i n c o r t e x t r a n s f e r s f o r c e w e l l . 
PETROLOGICAL IDENTIFICATION: O f f - w h i t e t o g r e y c h e r t , m u l t i - l a y e r e d , 
b r o w n p a t i n a . 
PETROLOGICAL DESCRIPTION: Even t h o u g h t h e r o c k h a s many l a y e r s i t i s 
c o m p o s i t i o n a l l y h o m o g e n e o u s . I t c o n s i s t s o f g r a n u l a r a n d f i b r o u s 
c h a l c e d o n y . The b a n d s r e f l e c t s l i g h t g r a i n s i z e v a r i a t i o n s a n d 
c o m p o s i t i o n a l d i f f e r e n c e s . I n some bands t h e g r a i n s a r e up t o 0.2 mm 
i n d i a m e t e r and m i n o r a m o u n t s o f r e d i r o n o x i d e r i c h m a t r i x o c c u r s 
be tween g r a n u l a r c h a l c e d o n y . 
The w e a t h e r e d s u r f a c e i s y e l l o w brown where i r o n m i n e r a l s h a v e 
r e p l a c e d t h e m a t r i x be tween g r a n u l a r a n d r h o m b i c c h a l c e d o n y . Where 
t h e m a t r i x and t h e g r a i n s a r e r e p l a c e d by i r o n a r e d - b r o w n l a y e r i s 
formed. 
SPECIMEN 4 
TYPE: Non-artefactual river cobble (R Chert). 
CONTEXT: From a bed of cobbles in Lawn Hill Creek, near site LH2. 
FRACTURE CHARACTERISTICS: This specimen has parallel bands, some of 
which are lustrous, while others fracture to yield a rough surface. 
Unlike Specimen 3, the fracture was regular and the fracture plane 
seemed to ignore the banding. 
PETROLOGICAL IDENTIFICATION: Off-white through pale-brown to dark-
grey chert, yellow^brown patina. 
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PETROLOGICAL DESCRIPTION: This c h e r t i s composed of g r a n u l a r and 
f i b r o u s c h a l c e d o n y bu t has a g r e a t e r r a n g e of g r a i n s i z e t h a n t h e 
p r e v i o u s t h r e e s a m p l e s . The non-uni form g r a i n s i z e o c c u r s i n b road 
bands as w e l l as w i th in t h i n l a y e r s even though the bands themse lves 
a re caused by o v e r a l l d i f f e r ences i n g r a i n s i z e . 
Like the o the r r i v e r cobbles the p a t i n a i s caused by replacement 
of chalcedony by i r o n m i n e r a l s . 
SPECIMEN 5 
TYPE: Non-artefactual river cobble (R Chert). 
CONTEXT: From bed of Lawn Hill Creek near site LH2. 
FRACTURE CHARACTERISTICS: Good fracture, although the surface is 
slightly uneven and there is a tendency towards step terminations. 
Like many of the flakes on the scree slope of Colless Creek Cave, the 
specimen is speckled in appearance, but this has no noticeable effect 
on fracture. Cortex is hard, smooth, and thin, typical of cortex from 
the cherts in river gravels; but in one concavity there is a remnant 
of the thick, rough dolomitic cortex typical of Q Chert. 
PETROLOGICAL IDENTIFICATION: Chert. 
PETROLOGICAL DESCRIPTION: The essential components of this rock are 
cryptocrystalline silica pellets set in a fibrous chalcedony cement. 
The sub-rounded to rounded pellets of silica which are up to 1 mm in 
length and moderately well packed are bounded by chalcedony and 
smaller sunounts of microcrystalline silica. Brown patches through the 
chert are phosphate-rich ovoid pellets. The structure of the pellets 
is highlighted on weathered surfaces where they are composed of fine 
silica and red ilmenite granules, and patches and matrix of red-brown 
iron oxide and phosphate. 
The concretionary phosphatic pellets may limit the usefulness of 
this material for making flakes. The chalcedonic silica, however, 
would enable relatively strong sharp flakes to be struck. 
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SPECIMEN 6 
TYPE: Non-artefactual river cobble (R Chert). 
CONTEXT: From bed of Lawn Hill Creek near site LH2. 
FRACTURE CHARACTERISTICS: Uniform brown chert which has minor 
incipient planes every 1-2 cm and although it fractures well there 
are often major bends in the fracture surface. The cortex is smooth 
and hard but varies from less than 1 mm to 5 mm thick. 
PETROLOGICAL IDENTIFICATION: Chert. 
PETROLOGICAL DESCRIPTION: This rock is composed of cryptocrystalline 
silica and minor carbonate. Randomly distributed through the 
homogeneous fine silica are carbonate rhombs. Small cracks are filled 
by mosaics of quartz and rimmed by fibrous chalcedony. Minor small 
black, brown and red opaques are scattered through the chert. 
SPECIMEN 7 
TYPE: Non-artefactual river cobble (R Chert). 
CONTEXT: From background scatter, designated LI, on the eastern bank 
of Lawn Hill Creek. 
FRACTURE CHARACTERISTICS: Good fracture, although there is some 
modification of the fracture at the junction of the grey parallel 
bands. The cortex is about 1 mm thick and generally smooth, with 
numerous cones caused by battering. Cortex would be acceptable as a 
platform. 
PETROLOGICAL IDENTIFICATIONS: Multi-layered off-white to grey chert, 
pale brown patina. 
PETROLOGICAL DESCRIPTION: The rock is composed almost entirely of 
fibrous chalcedony in a homogeneous fine grained fabric. Layering is 
caused by differences in grain size from 0.3 mm to finer dimensions. 
Traces of opaque minerals are scattered through the rock. The small 
number of cavities are filled by fibrous chalcedony. 
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A wide red^brown patina is caused by iron replacing weathered 
silica. Rhombic grains of silica which replaces carbonate are 
unweathered. 
COLLESS CREEK QUARRY 1 
Chert from the quarries on Colless Creek is easily recognised 
because of its distinctive content and distribution of carbonate. 
Generally silica and carbonate are present in roughly equal amounts 
but smaller quantities of dolomite do occur. The carbonate is usually 
in patches and lenses within the chalcedonic matrix. Rhombic grains 
of dolomite are common. Detrital fragments of fine grained carbonate 
sediment including micro-spheroidal algal material are cemented into 
the chalcedonic chert by diagenetic processes. 
The weathered surfaces are usually cream to off-white because of 
chemical attack on the carbonate matrix and this provides a suitable 
substrate for algae and lichen. 
SPECIMEN 8 
TYPE: Flake (Q Chert). 
CONTEXT: Sample square in the Colless Creek Quarry. 
FRACTURE CHARACTERISTICS: The fracture plane is regular, although 
rough areas on the fracture surface may indicate some inhomogeneity. 
There are also some cracks visible without magnification. Rough 
rilled and undulating cortex transmits force poorly and is unsuitable 
as a platform. 
PETROLOGICAL IDENTIFICATION: Off-white, non-banded chert, black 
coating and white patina. 
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PETROLOGICAL DESCRIPTION: Th i s c h e r t i s composed of g r a n u l a r 
chalcedony which ranges from 0.3 mm t o l e s s than 0.1 mm i n d iameter . 
L e s s t h a n 5Z of t h e r o c k i s c a v i t i e s w h i c h a r e f i l l e d by 
m i c r o c r y s t a l l i n e qua r t z mosaics. Some of t h e s e c a v i t y f i l l i n g s have 
d u s t y opaque m i n e r a l s s c a t t e r e d i n t h e c e n t r e s . P a t c h y c a r b o n a t e 
m a t r i x c o n s i s t i n g of c a r b o n a t e rhombs l e s s t h a n 0.2 mm i n d i a m e t e r 
and poo r ly formed carbonate g r a i n s make up t o 30Z of t he rock. Small 
l e n s e s and pods i n p a r t i c u l a r a r e e n r i c h e d i n c a r b o n a t e rhombs and 
are enclosed by f ib rous chalcedony devoid of ca rbona te . This sugges ts 
e i t h e r reworking of carbonate sediments nearby and d e t r i t a l fragments 
d e p o s i t e d e l s e w h e r e i n a r e a s of c h e r t f o r m a t i o n , o r i n c o m p l e t e 
r e p l a c e m e n t of c a r b o n a t e s e d i m e n t by s i l i c a . Both p r o c e s s e s h a v e 
probably taken p l a c e but s i l i c a replacement i s g e n e r a l l y r e s t r i c t e d 
to d i r e c t a l t e r a t i o n of carbonate rhombs. 
The white p a t i n a r e f l e c t s the carbonate con ten t of the rock and 
t h e p a t c h e s of b l a c k c o a t i n g on t h e s u r f a c e i n d i c a t e s r e l i c s of 
o r g a n i c ma t t e r . 
SPECIMEN 9 
TYPE: Non-artefactual block (Q Chert). 
CONTEXT: Sample square in the Colless Creek Quarry. 
FRACTURE CHARACTERISTICS: Fracture is slightly uneven, with angular 
changes in the fracture plane. No banding was visible. Like Specimen 
8 this rock has visible cracks, some of which are weathered. Cortex 
is grey to black, rough and has small rills similar to those which 
occur in limestone. Cortex is not suitable as a platform. 
PETROLOGICAL IDENTIFICATION: Grey chert, coloured bands and lenses, 
yellow-brown patina. 
PETROLOGICAL DESCRIPTION: This chert is essentially composed of very 
fine grained fibrous and granular chalcedony. A characteristic 
feature of the rock is the silica replaced rhombic crystal Unites 
that are randomly distributed through the rock. The initial carbonate 
rhombs have been completely replaced by quartz without destruction of 
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t h e g r a i n b o u n d a r i e s . C a v i t i e s h a v e b e e n f i l l e d by f i b r o u s 
chalcedony. 
I n t h o s e p a r t s of t h e rock which a r e more w e a t h e r e d t h e r e a r e 
subrounded o o l i t i c a c c r e t i o n s . These s t r u c t u r e s a re l e s s than 1mm i n 
diameter and c o n s i s t of s i l i c a r e p l a c i n g carbonate . Tiny i r o n oxide 
p a r t i c l e s a r e concent ra ted i n the margins. 
The ye How-brown p a t i n a r e s u l t s from weather ing of chalcedony 
and d e p o s i t i o n of i r o n m i n e r a l s . Th is r o c k has l e s s c a r b o n a t e t h a n 
Specimen 8 and a whi te p a t i n a has consequent ly not formed. 
SPECIMEN 10 
TYPE: N o n - a r t e f a c t u a l b lock (Q Cher t ) . 
CONTEXT: Sample square i n the C o l l e s s Creek Quarry 1. 
FRACTURE CHARACTERISTICS: The m a t e r i a l f r a c t u r e s w e l l , except where 
t r u n c a t e d by c r a c k s . These c r a c k s run t h r o u g h t h e e n t i r e l e n s of 
che r t , forming square columns approximate ly 2cm and bounded by open 
or i n c i p i e n t c racks . Like Specimens 8 and 9, the f r a c t u r e sur face of 
t h i s spec imen had some a r e a s which were smooth, and o t h e r s w i t h a 
rough t e x t u r e . Cortex i s s i m i l a r t o t h a t of Specimens 8 and 9. 
PETROLOGICAL IDENTIFICATION: Grey c h e r t , minor b a n d s , g r e y - w h i t e 
p a t i n a . 
PETROLOGICAL DESCRIPTION: This chert contains approximately equal 
proportions of silica and carbonate. Fibrous and granular chalcedony 
occur as grains and replace carbonate rhombs throughout the rock. 
Small patches and lenses of carbonate-rich chert consist of randomly 
oriented rhombs up to 0.3 mm in diameter set in a cryptocrystalline 
matrix. 
The grey-white surface coating is caused by weathering of the 
carbonate-rich chert. 
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SPECIMEN 11 
TYPE: N o n - a r t e f a c t u a l b l o c k (Q C h e r t ) . 
CONTEXT: Sample s q u a r e i n t h e C o l l e s s Creek Q u a r r y 1. 
FRACTURE CHARACTERISTICS: F r a c t u r e s u r f a c e s v a r y f r o m s m o o t h a n d 
l u s t r o u s t o s l i g h t l y a n g u l a r a n d i r r e g u l a r . T h e n o d u l e w a s 
c y l i n d r i c a l i n s h a p e , a n d c r a c k s l a r g e e n o u g h t o g u i d e o r t r u n c a t e 
f r a c t u r e s r u n p a r a l l e l t o t h e l o n g a x i s . Dark g r e y t o b l a c k c o r t e x i s 
2 - 5 mm t h i c k and h a s a rough s u r f a c e . C o r t e x t r a n s m i t s f o r c e p o o r l y . 
PETROLOGICAL IDENTIFICATION: G r e y c h e r t , i r r e g u l a r C o l o u r b a n d i n g , 
b r o w n - b l a c k p a t i n a . 
PETROLOGICAL DESCRIPTION: S i l i c a a n d c a r b o n a t e make u p t h i s g r e y 
c h e r t . F i b r o u s c h a l c e d o n y i s t h e s i l i c a m i n e r a l and rhombic d o l o m i t e 
i s t h e c a r b o n a t e . The f e a t h e r y a n d r a d i a t i n g c h a l c e d o n y f o r m s t h e 
m a t r i x t o t h e c a r b o n a t e . A p a l e b r o w n l a y e r i s c o m p o s e d a l m o s t 
e n t i r e l y o f f i n e g r a i n e d c a r b o n a t e . T h e r e a r e a l s o s e v e r a l 
i r r e g u l a r l y s h a p e d p a t c h e s of c h a l c e d o n y t h a t h a v e o n l y m i n o r 
c a r b o n a t e . C a v i t i e s a r e f i l l e d by f i b r o u s c h a l c e d o n y , g r a n u l a r 
d o l o m i t e o r b o t h s i l i c a and c a r b o n a t e . 
The brown t o b l a c k s u r f a c e of t h i s r o c k i s c a u s e d by w e a t h e r i n g 
of t h e c a r b o n a t e - r i c h c h e r t w h i c h a l l o w s g r o w t h of m i c r o - o r g a n i s m s 
t h a t l e a v e a d a r k c o a t i n g . 
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MT. JENNIFER CHERT 
SPECIMEN 12 
TYPE: Non-artefactual block. 
CONTEXT: On basal slopes of Mt. Jennifer. 
FRACTURE CHARACTERISTICS: Surface of fracture is rougher and less 
lustrous than specimens 1-4 or 9. Major incipient cracks run in 
several directions and the nodule breaks up when struck. Cortex is 
thin and smooth and might transfer force adequately. 
PETROLOGICAL IDENTIFICATION : Off-white to pale-brown chert, yellow-
brown patina. 
PETROLOGICAL DESCRIPTION: The chert consists predominantly of fibrous 
chalcedony with grain sizes of less than 0.1 mm. There are a few 
granular chalcedony grains which are 0.3 mm in diameter. Less than IZ 
of the rock is cavities which are filled by feathery 
cryptocrystalline silica. A thin vein of granular microcrystalline 
quartz with margins of red iron oxide penetrates the rock. The rock 
matrix is composed of red-brown iron minerals and fibrous chalcedony. 
A large cavity is filled by granular quartz. 
The yellow-brown patina results from chemical attack of the 
surface, removal of fibrous silica and precipitation of iron 
minerals. 
This sample is not derived from the Colless Creek quarry because 
it has similar composition to river cobbles and lacks carbonate which 
is characteristic of the quarried material. 
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ARCHAEOLOGICAL SPECIMENS 
SPECIMEN 13 
TYPE: F l a k e (R C h e r t ) . 
CONTEXT: C o l l e s s C r e e k C a v e , S q u a r e P 4 6 , s p i t 2 . D a t e d t o 5,0704^250 
y e a r s BP (ANU 2 3 3 0 ) . 
FRACTURE CHARACTERISTICS: E v e n f r a c t u r e and r e a s o n a b l y homogeneous 
t e x t u r e . M o s t l y r e d d i s h - g r e y i n c o l o u r w i t h a r e a s of w h i t e and b l a c k . 
F r a c t u r e does n o t a p p e a r t o v a r y w i t h c o l o u r . Th in smooth c o r t e x i s a 
d a r k r e d - b r o w n and s u i t a b l e f o r u s e a s a p l a t f o r m . 
PETROLOGICAL IDENTIFICATION : Grey-brown c h e r t , r e d - b r o w n p a t i n a . 
PETROLOGICAL DESCRIPTION: The a r t e f a c t i s c o m p o s e d e n t i r e l y of 
f i b r o u s c h a l c e d o n y . At l e a s t lOZ of t h e r o c k i s p a t c h y c h a l c e d o n y 
which h a s r e p l a c e d i r r e g u l a r l y shaped c l u s t e r s of c a r b o n a t e g r a i n s . 
M i c r o f o s s i l s , l e s s t h a n 0.4 mm i n d i a m e t e r , w h i c h a r e r e p l a c e d by 
s i l i c a , c o n s t i t u t e a b o u t 5Z of t h e r o c k . No c o m p o s i t i o n a l o r g r a i n 
s i z e l a y e r s a r e p r e s e n t and t h e r e i s a l a c k of c a r b o n a t e . 
SPECIMEN 14 
TYPE: F l a k e (R C h e r t ) . 
CONTEXT: C o l l e s s C r e e k C a v e , S q u a r e P 4 6 , s p i t 2 . D a t e d t o 5,0704^250 
y e a r s BP (ANU 2 3 3 0 ) . 
FRACTURE CHARACTERISTICS: Even f r a c t u r e . L u s t r o u s and smooth s u r f a c e . 
Brown t h i n , smooth, and h a r d c o r t e x s u i t a b l e a s a p l a t f o r m . 
PETROLOGICAL IDENTIFICATION: Y e l l o w p h o s p h a t i c c h e r t . 
PETROLOGICAL DESCRIPTION: T h i s r o c k i s v e r y s i m i l a r t o S p e c i m e n 5 
e x c e p t t h a t i t c o n t a i n s many more o v o i d p h o s p h a t i c p e l l e t s . P h o s p h a t e 
o c c u r s a s r o u n d e d , e l o n g a t e a n d t a b u l a r g r a i n s . P l a t e s o f 
m i c r o c r y s t a l l i n e s i l i c a a r e a l s o p r e s e n t and a r e s e t i n a m a t r i x of 
f i b r o u s c h a l c e d o n y . 
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SPECIMEN 15 
TYPE: F lake (R Chert) . 
CONTEXT: C o l l e s s Creek Cave, Square P46, s p i t 11. 
FRACTURE CHARACTERISTICS: A l t h o u g h h e a v i l y w e a t h e r e d t h e v e n t r a l 
s u r f a c e shows s i g n s of good c o n c h o i d a l f r a c t u r e , w i t h r i n g s and 
r i p p l e s obvious . In the c e n t r e of the f l a k e the f r a c t u r e p l ane runs 
through an i n c i p i e n t crack and i t s pa th i s a l t e r e d . 
PETROLOGICAL IDENTIFICATION: White c h e r t . 
PETROLOGICAL DESCRIPTION: Most of t h e rock i s f i b r o u s c h a l c e d o n y . 
S e v e r a l l a r g e a r e a s c o n t a i n s i l i c a which r e p l a c e s s p h e r o i d a l 
p h o s p h a t e n o d u l e s or p e l l e t s . The p e l l e t s a r e l e s s t h a n 0.4 mm i n 
diameter and con ta in r e l i c s of f ib rous phosphate. Small amounts of 
g r a n u l a r c h a l c e d o n y and p a t c h e s of brown p h o s p h a t e and s i l i c a 
i n t e r g r o w t h s a r e a l s o found. Rare c a r b o n a t e rhombs a r e s e t i n t h e 
cha lcedonic s i l i c a mat r ix . M i c r o c r y s t a l l i n e s i l i c a f i l l s vo id s . 
SPECIMEN 16 
TYPE: Flaked Piece (Q Cher t ) . 
CONTEXT: C o l l e s s Creek Cave , Square P46, s p i t 2. Dated t o 5,0704^250 
y e a r s BP (ANU 2330) . 
FRACTURE CHARACTERISTICS: Material is largely homogeneous and 
fractures well. The fracture path alters suddenly when it reaches one 
distinct crack which runs through the artefact. Two surfaces are 
incipient cracks, suggesting that the rock has split when struck in a 
direction parallel to other cracks. Cortex is 4 mm thick, white-grey, 
dull, rilled, and generally like limestone in appearance. The cortex 
would absorb force and would be unsuitable as a platform. 
PETROLOGICAL IDENTIFICATION : Pale-brown to off-white chert, coarse 
banding, off-white to pale-brown patina. 
PETROLOGICAL DESCRIPTION: Microcrystalline quartz grains up to 0.2 mm 
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in diameter, silica pseudomorphs after carbonate rhombohedra, silica 
and phosphate replaced fossil remnants and microcrystalline quartz 
filled stress fractures and hollows are set in a fibrous chalcedony 
cement. Small dark cellophane pellets are randomly distributed 
through the matrix. The surface coating consists of a mixture of iron 
and carbonate with small amounts of granular quartz. Near the margins 
of the weathering front tiny iron minerals are concentrated in 
fissures and pore spaces where silica has been dissolved. 
SPECIMEN 17 
TYPE: F l a k e (Q C h e r t ) 
CONTEXT: C o l l e s s Creek Cave , Squa re P46, s p i t 2 . Dated t o 5,070_+250 
y e a r s BP (ANU 2 3 3 0 ) . 
FRACTURE CHARACTERISTICS: Homogeneous and with good fracture. Cortex 
2 mm thick is dull, rough and rilled like limestone. 
PETROLOGICAL IDENTIFICATION : Pale brown-grey chert, off-white 
patina. 
PETROLOGICAL DESCRIPTION: This chert is composed of about 70Z fibrous 
chalcedony, 20Z granular chalcedony, with grains up to 0.2 mm, and 
the remainder is a silicified opaque-rich matrix. The rock is not 
banded and lacks fossil fragments and carbonate relics. 
A source other than the Colless Creek Quarry 1 is indicated for 
this artefact. 
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SPECIMEN 18 
TYPE: Flake (R Chert). 
CONTEXT: AL:A21 sample square. 
FRACTURE CHARACTERISTICS: Ventral surface is flat with no pronounced 
bulb. 
PETROLOGICAL IDENTIFICATION: Off-white c h e r t , brown p a t i n a . 
PETROLOGICAL DESCRIPTION: The rock i s composed mainly of many brown 
p h o s p h a t e r o d s , up t o 1 mm i n l e n g t h , which h a v e s m a l l p a t c h e s of 
m i c r o c r y s t a l l i n e and f i b r o u s c h a l c e d o n y a l l c e m e n t e d by 
c r y p t o c r y s t a l l i n e s i l i c a . I n s e v e r a l of t h e s e p a t c h e s t h e s i l i c a 
replacement of f i n e gra ined and f ib rous phosphate i s incomplete and 
i r r e g u l a r shapes a re formed. 
SPECIMEN 19 
TYPE: Retouched F lake . 
CONTEXT: Scree s l ope of the Mount J e n n i f e r o u t l i e r . 
FRACTURE CHARACTERISTICS: M a t e r i a l i s homogeneous and t h e f r a c t u r e 
surface l u s t r o u s , smooth and uniform. Cortex i s t h i n and hard, making 
a good p l a t fo rm ( the f l a k e had a c o r t i c a l p l a t fo rm) . 
PETROLOGICAL IDENTIFICATION: Red-brown che r t . 
PETROLOGICAL DESCRIPTION: The r o c k i s composed a l m o s t e n t i r e l y of 
f ib rous chalcedony. Less than lOZ of the rock i s amorphous phosphate 
and s m a l l r o d s of p h o s p h a t e . The a m o r p h o u s p h o s p h a t e f o r m s 
i r r e g u l a r l y shaped r a g g e d c l u s t e r s w i t h i n the f ib rous cha lcedonic 
s i l i c a mat r ix . 
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SPECIMEN 20 
TYPE: Flake (R Chert). 
CONTEXT: Found in the bed of the O'Shannassy River, 40 km west of the 
study area. 
FRACTURE CHARACTERISTICS: Has uniform f r a c t u r e but g r a n u l a r t e x t u r e . 
PETROLOGICAL IDENTIFICATION: Red-ye l low l aye red c h e r t . 
PETROLOGICAL DESCRIPTION: Layering i s prominent due t o t h e d i f f e r e n t 
m i n e r a l s and s t r u c t u r e s . In some l a y e r s c o n c e n t r a t i o n s of o v o i d 
g ra ins c o n s i s t i n g of brown phosphate and rimmed by cha l cedon ic s i l i c a 
w i t h a p h o s p h a t i c m a t r i x a r e d e v e l o p e d . O the r l a y e r s h a v e f i n e 
grained phosphate as t he s o l e m i n e r a l . Larger l a y e r s which form bands 
i n the rock are composed of spheres of s i l i c a and phosphate s e t i n a 
chalcedony and phosphate mat r ix . I r on s t a i n i n g g e n e r a l l y pervades the 
rock. 
SPECIMEN 21 
TYPE: Retouched F l a k e . 
CONTEXT: L i l l y d a l e Spr ings . 
FRACTURE CHARACTERISTICS: Good f r a c t u r e . S u r f a c e d u l l and rough 
compared to o the r c h e r t s . Large number of vo ids p robab ly make i t more 
r e s i s t a n t to f r a c t u r e and t h e r e f o r e "tougher" t o knap. The l i k e l i h o o d 
of h i n g e s or s t e p s i s p r o b a b l y h i g h . Th in c o r t e x was used as a 
p la t form. 
PETROLOGICAL IDENTIFICATION: Chert. 
PETROLOGICAL DESCRIPTION: This chert is similar to Specimen 6. It is 
essentially composed of silica and carbonate. The silica occurs as 
fine-grained thin plates and angular grains. Sparsely scattered 
carbonate grains are up to 0.3 mm across and form rhombs with ragged 
margins and angular grains. A minor component is irregular shaped 
grains of phosphate and opaques. 
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GREYWAC3CE 
A l l greywacke samples came from wi th in 2 km of the l a r g e quarry 
on Page Creek and a l l p robably d e r i v e from t h a t quarry . The quarry i s 
l oca t ed i n an outcrop of the Pmh4 member of the Lawn H i l l Formation, 
which Sweet and Hutton (1982:22-24) descr ibed as con ta in ing mot t l ed 
green-weather ing tuf faceous and s i l i c i f i e d s i l t s t o n e . Archaeo log ica l 
a r t e f a c t s of t h i s m a t e r i a l (samples 24, 25 and 26) probably came from 
t h e same l i t h o l o g i c a l u n i t as t h e y h a v e s i m i l a r m i n e r a l o g i e s and 
t e x t u r e s . 
SPECIMEN 22 
TYPE: Core . 
CONTEXT: I s o l a t e d a r t e f a c t from Page Creek Quarry 1. 
FRACTURE CHARACTERISTICS: F r a c t u r e i s good bu t c o n t r o l l e d by t h e 
e x i s t e n c e of w e l l formed and w e a t h e r e d c r a c k s . When t h e f r a c t u r e 
p l a n e p a s s e s a c r o s s t h e s e c r a c k s i t s d i r e c t i o n i s a l t e r e d and s t e p 
t e rmina t ions a r e l i k e l y . The sur face i s d u l l and rough compared wi th 
the c h e r t s . Cortex i s p a l e (cream as compared wi th the b l u e - g r e e n of 
t h e i n t e r i o r ) , r o u g h and d u l l , a b o u t 4 mm t h i c k , and h a s a 
v e s i c u l a t e d appearance. Cortex would absorb fo r ce , a l t hough i t might 
be t h i n enough t o be used as a p la t fo rm. 
PETROLOGICAL IDENTIFICATION: Green-grey s i l t y greywacke. 
PETROLOGICAL DESCRIPTION: The r o c k i s e x t r e m e l y f i n e g r a i n e d , 
c o n t a i n i n g p a r t i c l e s l e s s t h a n 0.1 mm i n d i a m e t e r . S e r i c i t e f l a k e s 
and m i n u t e q u a r t z c r y s t a l s a r e s e t i n a f i n e g r a i n e d c h a l c e d o n i c 
m a t r i x . The r e g u l a r d i s t r i b u t i o n of t h e m i n e r a l s makes t h e rock 
homogeneous. This s tone should be e x c e l l e n t for f l a k i n g because of 
i t s f i n e g r a i n s i z e and t e x t u r a l homogeneity. 
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SPECIMEN 23 
TYPE: Non-a r t e f ac tua l nodule . 
CONTEXT: Page Creek Quarry 1 (LH K44/1). 
FRACTURE CHARACTERISTICS: F r a c t u r e i s good a l t h o u g h g r e a t l y 
in f luenced by d i s t i n c t weathered cracks i n the rock. The major cracks 
run i n one d i r e c t i o n through the rock. When f l a k e s a r e s t r u c k a g a i n s t 
t h e c r a c k s t h e f r a c t u r e p l a n e a l t e r s a s i t p a s s e s t h r o u g h them and 
s t ep t e rmina t ions can r e s u l t . When f l a k e s a r e s t r u c k p a r a l l e l they 
may s p l i t a long the c racks . The f r a c t u r e su r face i s smooth but d u l l . 
P a l e cream c o r t e x i s t h i c k ( o v e r 1 cm), r o u g h and somet imes 
v e s i c u l a t e d i n a p p e a r a n c e . The c o r t e x powders and a c t s spongy when 
s t ruck , absorbing fo rce , and would not make a good p l a t fo rm. 
PETROLOGICAL IDENTIFICATION: Tuffaceous s i l t s t o n e . 
PETROLOGICAL DESCRIPTION: The rock i s composed predominant ly of f i n e -
g r a i n e d c l a s t s of a n g u l a r q u a r t z and p l a g i o c l a s e . The g r a i n s a r e 
about 0.1 mm i n diameter . A sma l l pe rcen tage of t he rock i s i r r e g u l a r 
shaped g ra in s of carbonate t h a t range up t o 0.4 mm a c r o s s . There a re 
abundan t f i n e g r a i n e d opaques and a few s m a l l f l a k e s of mica . Thin 
s i l i c a c r y s t a l l i t e s a r e bounded by d a r k opaque m i n e r a l s . The r o c k 
mat r ix i s d e v i t r i f i e d g l a s s and c r y p t o c r y s t a l l i n e s i l i c a . 
The m i n e r a l o g y and g r a i n s i z e of t h i s r o c k wou ld make i t 
adequate f l a k i n g m a t e r i a l . 
354 
Appendix 2 
SPECIMEN 24 
TYPE: Re touched F l a k e (Broken p o i n t ? ) . 
CONTEXT: I s o l a t e d s u r f a c e f i n d 200 m n o r t h of LI . 
FRACTURE CHARACTERISTICS: F r a c t u r e s i n a r e g u l a r f a s h i o n . T e x t u r e i s 
s i m i l a r t o s p e c i m e n 2 2 . No g r a i n s a r e v i s i b l e i n t h e h a n d s p e c i m e n 
b u t y e l l o w - b r o w n i n c l u s i o n s a r e o b v i o u s w i t h i n t h e d a r k b l u e - g r e y 
r o c k and w h e r e t h e f r a c t u r e p a s s e s t h r o u g h t h e i n c l u s i o n s i t i s 
f l a t t e r . 
PETROLOGICAL IDENTIFICATION: Silty greywacke. 
PETROLOGICAL DESCRIPTION: This essentially dark grey rock has small 
brown flecks scattered throughout it. The rock consists predominantly 
of angular and subrounded quartz grains up to 0.2 mm in diameter. 
Ragged carbonate grains, fresh plagioclase and perthitic feldspar and 
grains of fibrous chalcedony occur in approximately equal 
proportions, and make up less than 15Z of the total mineral content. 
Rods and needles of amphibole make up about IZ of the rock. Opaque 
grains make up a small amount of the rock. The matrix to these 
minerals is dark fine grained phosphate and silica that also contains 
very fine dustings of opaques. 
SPECIMEN 25 
TYPE: Retouched Flake. 
CONTEXT: Background scatter on the bank of Lawn Hill Creek, 
designated LI. 
FRACTURE CHARACTERISTICS: Fracture is moderately predictable. 
Fracture surface is undulating, uneven and dull. There are no visible 
grains. Like specimen 22 there are a number of distinct cracks 
through the material which affect fracture. 
PETROLOGICAL IDENTIFICATION: Grey fine grained greywacke. 
PETROLOGICAL DESCRIPTION: This rock is very similar to Specimen 24 
except that it lacks carbonate grains and has only about 25Z quartz 
grains. 
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SPECIMEN 26 
TYPE: Retouched Flake (Unifacial Point). 
CONTEXT: Scree slope of Mount Jennifer Cave (LH53). 
FRACTURE CHARACTERISTICS: Many fractures end in hinge or step 
terminations which may be related to voids which occur in the 
material. Fracture surfaces are dull and somewhat rough. Cortex is 
similar to that on specimens 22 and 23. 
PETROLOGICAL IDENTIFICATION: Green-grey silty greywacke. 
PETROLOGICAL DESCRIPTION: This rock is similar to Specimen 25 except 
that the content of quartz grains is much lower, at about 5Z. 
QUARTZITE 
The most likely source of quartzite within the study area is the 
Precambrian sediments which crop out in the Ploughed Mountains. 
SPECIMEN 27 
TYPE: Flake. 
CONTEXT: Colless Creek Cave, Square P46, spit 11. 
FRACTURE CHARACTERISTICS: Fine grained and homogeneous. Surface is 
heavily patinated and no details were apparent. 
PETROLOGICAL IDENTIFICATION: Pale brown quartzite. 
PETROLOGICAL DESCRIPTION: The rock consists almost entirely of sub-
angular to sub-rounded equigranular quartz grains. A very thin rim of 
silica coats most grains and a fibrous chalcedony cement binds the 
grains together. Less than IZ of the rock is of opaque mineral grains 
about the same size as the quartz grains. 
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SPECIMEN 28 
TYPE: B i f a c i a l Poin t . 
CONTEXT: AL:A21 sample square . 
FRACTURE CHARACTERISTICS: F rac tu re s w e l l a l though p lanes tend to run 
around r a t h e r than through the 0.5-1 mm g r a i n s . Di rec t pe rcuss ion of 
the b i f ace of ten r e s u l t e d i n s t ep te rminated s c a r s . 
PETROLOGICAL IDENTIFICATION: P a l e brown s i l i c i f i e d q u a r t z i t e 
( p o s s i b l y s i l c r e t e ) . 
PETROLOGICAL DESCRIPTION: Th i s i s a d i f f i c u l t r ock t o name b e c a u s e 
the modera te ly w e l l so r t ed qua r t z g r a i n s , which a re angu la r to s u b -
a n g u l a r and up t o 1mm i n d i a m e t e r , a r e m o d e r a t e l y w e l l packed and 
cemented by f ib rous chalcedony. There i s no evidence t o suggest t h a t 
i t i s a t r u e s i l c r e t e r a t h e r than a w e l l cemented q u a r t z i t e . Treated 
as an i s o l a t e d s t o n e e i t h e r name i s a c c u r a t e . Only i f t h e o u t c r o p 
from which t h e s t o n e was o b t a i n e d were t o be found would i t be 
p o s s i b l e t o name t h e rock more c o n f i d e n t l y . 
SPECIMEN 29 
TYPE: F lake . 
CONTEXT: C o l l e s s Creek Cave, Square P46, s p i t 2. 
FRACTURE CHARACTERISTICS: Good even f r a c t u r e . Thin smooth red co r t ex 
s u i t a b l e for s t r i k i n g p la t fo rm. 
PETROLOGICAL IDENTIFICATION: S i l c r e t e . 
PETROLOGICAL DESCRIPTION: The main minera l component of the rock i s 
q u a r t z . I t o c c u r s p r i m a r i l y as c r y p t o c r y s t a l l i n e m a t r i x t o f i n e -
gra ined angu la r qua r t z g r a i n s i n a s i l t s t o n e . Quartz i s a l s o p re sen t 
as angu la r t o subrounded sand s ized g r a i n s which form l e n s e s w i t h i n 
t h e much f i n e r g r a i n e d s i l c r e t e . Sub- rounded q u a r t z g r a i n s h a v e 
remnant s i l i c a outgrowths on t h e i r margins , u n l i k e the f i n e - g r a i n e d 
a n g u l a r c l a s t s . The sandy l e n s e s a r e g e n e r a l l y p o o r l y s o r t e d and 
con ta in opaque-r ich c r y p t o c r y s t a l l i n e s i l i c a . 
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This fine-grained siliceous rock is suited to making flakes but 
because of the sandy lenses structural weaknesses may limit the size 
of the flakes. Silcrete with higher concentrations of sand would not 
be appropriate for flaking. The silcrete is likely to have formed 
from pre-existing arenaceous and silty sediments. 
METADOLERITE 
SPECIMEN 30 
TYPE: Edge ground axe head. 
CONTEXT: AL:A21 a r t s i t e . 
FRACTURE CHARACTERISTICS: M a t e r i a l has been f l a k e d i n t o shape and 
then hammer dressed. The edge i s ground on both s ides. The hatchet i s 
made on a large f lake , suggesting that a t a la rge sca le the fracture 
can be control led-
PETROLOGICAL IDENTIFICATION: Dark fine-grained metadoler i te . 
PETROLOGICAL DESCRIPTION: The axe consis ts of p lag ioc lase l a ths which 
are genera l ly fresh except for the s t a r t of s e r i c i t e a l t e r a t i o n which 
g ives r i s e to a spo t t ed appearance . A green amphibole mine ra l has 
formed by a l t e r a t i o n of the mafic m i n e r a l s . Epidote g r a i n s form 
g r a n u l a r c l u s t e r s . Idiomorphic and s k e l e t a l opaques and g r a n u l a r 
leucoxene are randomly d i s t r ibu ted between the other minerals . 
There i s no source for t h i s mater ia l within the study area. 
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RADIOCARBON DATES 
COLLESS CREEK CAVE 
SQUARE/SPIT LAB NUMBER AGE (YEARS BP) 
P46/2 
P46/3 
P46/5 
P46/8 
P46/10 
ANU 2330 
ANU 3511 
ANU 2507 
ANU 2506 
ANU 2331 
50704^250 
74804^100 
136204^160 
141504^160 
17290+470 
U39/5 
T39/6 
ANU 2509 
ANU 2508 
15820_+190 
16170+260 
S37/2 
S37/5 
S37/7 
ANU 3608 
ANU 3609 
ANU 3610 
3370+.130 
29404^110 
3400+170 
K39/3 
K39/14 
ANU 3829 
ANU 3830 
4690_+100 
8240+50 
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LOUIE CREEK CAVE 
SQUARE/SPIT 
BJ29/5 
BJ29/8 
BJ29/12-14 
BL30/7 
LAB NUMBER 
SUA 2289 
SUA 2290 
SUA 2288 
SUA 2291 
AGE (YEARS BP) 
88104^ 130 
14210+230 
+900 18600 
1420+70 
-800 
DH SITE 
SQUARE/SPIT LAB NUMBER AGE (YEARS BP) 
SEC/39 SUA 1878 4360+100 
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VARIABLES RECORDED IN THE TECHNOLOGICAL ANALYSIS 
This a p p e n d i x d e t a i l s t h e measurement s which were made on 
a r t e f a c t s t o h e l p r e c o n s t r u c t a n c i e n t s t o n e work ing t e c h n o l o g y a t 
Lawn H i l l . Twenty-five v a r i a b l e s a re defined i n the fo l l owing pages. 
The p o s s i b l e v a l u e s for each v a r i a b l e a re a l s o l i s t e d and def ined. 
Furthermore, the knapping behaviours which cause the a t t r i b u t e s a re 
d iscussed . By d e s c r i b i n g the de terminants of each t r a i t i n t h i s way 
i t i s p o s s i b l e t o p r e s e n t an e x p l i c i t r e a s o n f o r i n f e r r i n g c e r t a i n 
p r e h i s t o r i c human behaviour from the a r c h a e o l o g i c a l r e s i d u e s . 
GENERAL ATTRIBUTES 
These v a r i a b l e s were r e c o r d e d on a l l t y p e s of ch ipped s t o n e 
a r t e f a c t s . Weight and hea t i ng were on ly recorded i n the l a b o r a t o r y . 
1. S i t e 
Each site was given an identifying number or name. Names usually 
consisted of two letters and a number, for example CCl (Colless Creek 
Cave) or LCI (Louie Creek Cave). 
2. Square 
The s q u a r e i s t h e a r e a l u n i t w i t h i n each s i t e from which t h e 
2 2 
a r t e f a c t came. These were u s u a l l y e i t h e r Im'^  or 50cm . Three columns 
were a l l o t t e d for square l a b e l s , u s u a l l y one l e t t e r and two numbers, 
for example P46, Q46, or T39. 
3. S p i t 
This refers to the excavation unit within each square. 
Excavation units were numbered sequentially, beginning at the 
surface. 
361 
Appendix 4 
4. Artefact Nvmiber 
This identifies artefacts within each excavation unit. 
5. Artefact type 
Four categories of artefact type were defined. These were coded 
as follows: 
1 = Flake (unretouched). 
2 = Retouched Flake. 
3 = Core. 
4 = Flaked Piece. 
Flakes are those pieces of stone struck off a core. They have a 
ser ies of a t t r i b u t e s showing they have been struck. The most 
indicative of these are ringcracks, showing where the hammer hi t the 
core. The ven t r a l surface may a l so be deformed in p a r t i c u l a r ways, 
for example a bulb or e r a i l l u r e scar. A Retouched Flake i s a f lake 
which has f lake scars on the v e n t r a l face and/or der iv ing from the 
ven t ra l face. Cores are pieces of stone with one or more negative 
f lake scars but no pos i t i ve f lake scars . Flaked Pieces are chipped 
artefacts which cannot be classified as a flake, core, or retouched 
flake. 
The mechanical basis of these four categories are discussed more 
f u l l y in the tex t (Chapter 2). Classifying a r t e f ac t s into one of 
these four groups provides a great deal of information about 
assemblage composition. 
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6. Raw M a t e r i a l Type 
N i n e t y p e s of r aw m a t e r i a l w e r e d i s t i n g u i s h e d i n t h e 
t e c h n o l o g i c a l a n a l y s i s . These were coded as f o l l o w s : 
1 = R c h e r t s . 
2 = Q c h e r t s . 
3 = A l l o the r c h e r t s . 
4 = Greywacke. 
5 =» Q u a r t z i t e . 
6 = S i l c r e t e s . 
7 =• Q u a r t z . 
8 = Limestone. 
9 = O t h e r / u n i d e n t i f i e d . 
The definitions and source locations of each of these groups is 
discussed in the text (Chapter 3). Raw material type indicates the 
source of the material an artefact was made on, and may help in 
assessing the transportation of the artefact. As discussed in the 
text raw material can have an enormous effect on not just fracturing 
but the whole process of knapping. 
7. Weight 
Weight was measured on a S a r t o r i u s e l e c t r i c top—loading ba lance 
( t y p e 1207 MP2). Weight was r e c o r d e d t o t h e n e a r e s t 0.1 g, from 0.1 
to 999.9 g. Weight i s a necessary p iece of informat ion wi th which to 
c a l c u l a t e mass ( the c h a r a c t e r i s t i c s of the raw m a t e r i a l must a l s o be 
known). Mass i s an i n d i c a t o r of f a c t o r s such as i n e r t i a and s i z e 
(though n o t s h a p e ) . 
8. Macroscopic Edge Damage 
The p r e s e n c e o r a b s e n c e of s m a l l (<1 mm) f r a c t u r i n g n o t 
e x p l i c a b l e as s h a t t e r i n g dur ing knapping was noted. 
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9. Heating 
S ix d i f f e r e n t c r i t e r i a were used t o i n f e r w h e t h e r or n o t an 
a r t e f a c t had been subjec ted t o h e a t i n g . These s i x v a l u e s , and t h e i r 
combinations were coded as f o l l o w s : 
0 = No s i g n s of h e a t i n g . 
1 = Negat ive p o t l i d s c a r s . 
2 = Crenated f r a c t u r e . 
3 = C r a z i n g . 
4 = 1 and 3. 
5 = 1 and 6, o r 3 and 6, o r 4 and 6. 
6 = Colour changes. 
7 = Surface l u s t e r . 
8 - 6 and 7. 
9 » Any c o m b i n a t i o n of 7 w i t h 1, 2 , 3 , 4 , o r 5. 
Th i s l i s t i s o r d e r e d so t h a t h i g h e r v a l u e s i n d i c a t e more 
c o n t r o l l e d h e a t i n g and c o o l i n g . P o t l i d s a l w a y s o c c u r d u r i n g t h e 
h e a t i n g p r o c e s s and i n d i c a t e a r a p i d r i s e t o a h i g h t e m p e r a t u r e , 
r e s u l t i n g i n d i f f e r e n t i a l expansion of t he rock and p o t l i d f r a c t u r e s 
(Purdy 1975:135-136). Crenated f r a c t u r e occurs when the rock i s kept 
a t t o o h i g h a t e m p e r a t u r e a n d / o r i s c o o l e d t o o r a p i d l y (Purdy 
1975:137) . C r a z i n g a l s o r e s u l t s when t h e r o c k i s s u b j e c t t o 
e x c e s s i v e l y h i g h t e m p e r a t u r e s , e s p e c i a l l y d i r e c t h e a t , o r r a p i d 
c o o l i n g (Purdy 1975 :139) . C o l o u r changes a r e u s u a l l y c a u s e d by 
o x i d a t i o n d u r i n g h e a t i n g and a r e n o t n e c e s s a r i l y i n d i c a t i v e of 
s t r u c t u r a l changes i n t he m a t e r i a l (Purdy and Brooks 1971:323; Purdy 
1974:46 , 52) . A v i t r e o u s l u s t r e p r o d u c e d d u r i n g h e a t i n g p r o b a b l y 
i n d i c a t e s c o n t r o l l e d s t r u c t u r a l c h a n g e s i n t h e r o c k ; m o s t 
i m p o r t a n t l y , an i n c r e a s e i n the i s o t r o p i c n a t u r e of t he rock brought 
abou t by b i n d i n g t h e c r y s t a l b o u n d a r i e s or i n c r e a s i n g t h e m i c r o -
f r a c t u r e s t h r o u g h c r y s t a l and g r a i n s t r u c t u r e s ( F a u l k n e r 1972 :8 ; 
F l e n n i k e n and G a r r i s o n 1975 ; M a n d e v i l l e and F l e n n i k e n 1974; Purdy 
1974:45; Purdy and Brooks 1971:324). V i t r e o u s l u s t r e r e s u l t i n g from 
heat t r e a t i n g i s d e t e c t e d a r c h a e o l o g i c a l l y where l u s t r o u s s u r f a c e s 
can be compared to sur faces of remnant d u l l n e s s . 
Values 1-5 i n d i c a t e u n c o n t r o l l e d h e a t i n g and c o o l i n g , p robab ly 
when a r t e f a c t s were l e f t c l o s e t o f i r e s and h e a r t h s . V a l u e 6 c o u l d 
i n d i c a t e some measure of c o n t r o l l e d h e a t i n g , whereas v a l u e s 7 or 8 
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will result only from controlled heating in slow increments to a 
sufficiently high temperature followed by slow cooling. Value 9 is an 
anomalous combination of traits and may indicate either uncontrolled 
heating events superimposed upon controlled heating events, or 
controlled heating but uncontrolled cooling. 
FLAKE CHARACTERISTICS 
The following variables were recorded only on flakes. 
VENTRAL SURFACE 
10. Breakage 
Eight states of breakage were defined: 
1 = Complete. 
2 - Proximal fragment. 
3 = Medial fragment. 
4 = Distal fragment. 
5 = Longitudinally cone split. 
6 = Longitudinally cone spit and proximal fragment. 
7 = Longitudinally cone spit and medial fragment. 
8 = Longitudinally cone spit and distal fragment. 
Complete flakes have all the features characteristic of flakes, 
namely, ringcrack, bulbar and termination characteristics. Proximal 
fragments have ringcrack and bulb features but no distal end. Distal 
fragments have a termination but no proximal portions. Medial 
fragments have both proximal and distal portions missing. 
Longitudinal cone split fragments are broken along the percussion 
axis from the ringcrack to the distal end (cf. Bucy 1974). 
Recording flake breakage is important in assessing the 
measurement of further variables. Only complete flakes will contain 
all other variables. Flakes can break for a variety of reasons: in 
manufacture, or when dropped, trampled, used and so on. As a general 
rule, longitudinally cone split flakes are likely to be broken during 
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manufacture, whereas the other types of breakage are more l i k e l y to 
occur because of other factors . B r i t t l e mate r ia l s and some sor ts of 
knapping techniques and locat ions (eg. f lakes break if they f a l l onto 
rock) w i l l produce l a r g e numbers of broken f l a k e s . S i t e s wi th s low 
sed imenta t ion or high amounts of human a c t i v i t y may a l s o produce 
large numbers of broken f lakes . 
11. Percussion Length 
Percuss ion l e n g t h was measured a long the percussion axis from 
t h e r i n g c r a c k t o t h e d i s t a l m a r g i n . I n t h e l a b o r a t o r y , t h e 
measurement was taken with ca l ipe r s to the nearest mi l l ime t re . In the 
f i e l d the f l a k e was p laced i n t o one of a number of s i z e c l a s s e s . In 
addition to describing the length of the f racture plane of a f lake , 
th i s va r iab le can be used to describe a va r i e ty of other features . In 
conjunction with percussion width i t can describe the surface area of 
the fracture , and thereby the r e l a t i onsh ip of the f lake to the core, 
the amount of force used in f l a k e detachment , and the technique of 
knapping. I t i s a l s o a necessa ry measurement i n c a l c u l a t i n g the 
consistency of reduction. 
12. Percussion Width 
Percussion width was measured at r igh t angles to the percussion 
axis midway between the ringcrack and the d i s t a l end. The measurement 
was taken with ca l ipe r s to the nearest mi l l ime t re . Percussion width 
can be used i n the same ways as p e r c u s s i o n l e n g t h . The width was 
taken a t the midpoint of t he p e r c u s s i o n l e n g t h , r a t h e r than a t the 
widest point because the former gave a be t t e r estimate of the area of 
the ven t ra l surface and the elongation of the flake-
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13. Termination 
Four types of f l a k e t e rmina t ions were def ined. Three, f e a t h e r , 
h i n g e and s t e p , f o l l o w t h e d e f i n i t i o n s g i v e n by t h e HoHo commi t t ee 
(Hayden 1979:133-135). A fou r th type was added: the ou t r epas se , where 
the f r a c t u r e p l a n e ( v e n t r a l surface) curves markedly away from the 
c o r e f a c e ( d o r s a l s u r f a c e ) and c o n t i n u e s d i r e c t l y i n t o t h e c o r e , 
r emoving t h e b a s e of t h e c o r e and g i v i n g t h e f l a k e a J - s h a p e i n 
l o n g i t u d i n a l c ross s e c t i o n . These t e rmina t ions were coded as f o l l o w s : 
1 = F e a t h e r . 
2 = Hinge . 
3 = S t e p . 
4 = Outrepasse . 
Flake terminations indicate the amount of force applied relative 
to the size of the fracture area and the properties of the raw 
material, the angle of applied force, and possibly the location of 
the blow. 
DORSAL SURFACE 
14. Overhang removal 
The presence or absence of small overhang removal scars on the 
proximal end of the dorsal surface was recorded. Overhang removal is 
accomplished when the knapper strikes or brushes the edge of the core 
platform and removes small flakes from the end. This prevents the 
platform from shattering. 
15. Marginal/distal scars 
The number of dorsal scars which derive from the lateral margins 
or the distal end of the flake was recorded. Such scars were created 
when the knapper was using platforms different from the one from 
which the flake was struck, and the presence of these scars therefore 
indicates core rotation. 
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16. Consistency index 
This index i n d i c a t e s the degree t o which s u c c e s s i v e blows remove 
f l a k e s of s i m i l a r s i z e s . The i n d e x was c a l c u l a t e d a s t h e l e n g t h of 
the longes t d o r s a l scar over which the t r a n s v e r s e c r o s s - s e c t i o n i s 
t h e same d i v i d e d by t h e p e r c u s s i o n l e n g t h . The i n d e x of f l a k e s 
r e c o r d e d i n t h e l a b o r a t o r y was c a l c u l a t e d t o two d e c i m a l p l a c e s . 
F l a k e s r e c o r d e d i n t h e f i e l d were p l a c e d i n one of two c l a s s e s : 
s t a b l e (an i n d e x of 0.80 or more) or u n s t a b l e (a v a l u e l e s s t h a n 
0 . 8 0 ) . 
17. Type of transverse cross—section 
The t r a n s v e r s e c r o s s - s e c t i o n of the f l a k e was taken a t the po in t 
where width had been measured. Six c a t e g o r i e s of c r o s s - s e c t i o n were 
def ined: 
0 = Indeterminate. 
1 = High angle / strong ridging. 
2 = Low angle / strong ridging. 
3 = High angle / weak ridging. 
4 = Low angle /weak ridging. 
5 = Irregular. 
Figure A4:l i l l u s t r a t e s t he c r o s s - s e c t i o n s t h a t f i t i n t o these 
c l a s s e s . Two t r a i t s were of i n t e r e s t i n d e f i n i n g t h e s e g r o u p s . The 
f i r s t was t h e a n g l e be tween t h e v e n t r a l and d o r s a l s u r f a c e s . High 
ang les i n d i c a t e t h a t t h e r e was s t rong c u r v a t u r e of t he core a t t h a t 
po in t ; whereas low a n g l e s i n d i c a t e g e n t l y curved co re s . The second 
t r a i t of i n t e r e s t was t h e d e g r e e t o wh ich r i d g e s were p r o m i n e n t 
S t r o n g r i d g e s a r e o f t e n a s s o c i a t e d w i t h r e g u l a r f l a k e r e m o v a l ; 
whereas weak r i d g e s o f ten i n d i c a t e more i r r e g u l a r f l a k e removal . More 
i m p o r t a n t l y , t h e p r o m i n e n c e of r i d g e s can a f f e c t t h e shape of t h e 
f r a c t u r e p l a n e . Th i s i s most u s u a l l y n o t i c e d when s t r o n g r i d g e s 
f a c i l i t a t e l o n g e r and more e l o n g a t e f l a k e s . A f i f t h g roup (5) was 
dev i sed for i r r e g u l a r shapes , t he reby a s s u r i n g the o the r c a t e g o r i e s 
were a c c u r a t e l y mainta ined dur ing a n a l y s i s . 
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18. Amount of cortex 
Seven categories were defined to assess the amount of cortex on 
the dorsal surface: 
0 = Inde te rmina te . 
1 = No c o r t e x . 
2 = <25Z. 
3 = 26-50Z. 
4 = 51-75Z. 
5 = 76-99Z. 
6 = A l l co r t ex . 
The proportion of the dorsal surface covered by cortex was 
estimated, and borderline cases were checked by measuring the 
dimensions in question with calipers and calculating areas. The 
amount of cortex on the dorsal surface of a flake can often reveal 
information about the extent of reduction. For example, if it is 
assumed that cortex is removed in the first phase of reduction then 
the highest values indicate minimal reduction on that part of the 
core when the flake was struck, whereas the lower values indicate far 
greater reduction. 
19. Position of cortex 
Ten categories were used to describe the position of cortex on 
the dorsal surface of each flake. These were coded as follows: 
0 =• None. 
1 « Partial proximal. 
2 =» All proximal. 
3 = Partial distal. 
4 = All distal. 
5 = One margin. 
6 = All except partial proximal. 
7 = All except partial distal. 
8 = Remnant. 
9 = All cortex. 
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These d e s c r i p t i o n s of c o r t e x p o s i t i o n s r e f e r o n l y t o p o s i t i o n , 
n o t q u a n t i t y . Th i s v a r i a b l e d e s c r i b e s t h e p o s i t i o n of c o r t e x on t h e 
c o r e a t t h e p o i n t w h e r e t h e f l a k e was r e m o v e d . I t c a n t h e r e f o r e b e 
u s e f u l i n a s s e s s i n g t h e p a t t e r n of c o r t e x r e m o v a l d u r i n g k n a p p i n g . 
T h i s c a n b e d o n e by c a l c u l a t i n g t h e p r o p o r t i o n s of d i f f e r e n t 
c a t e g o r i e s i n a n a s s e m b l a g e , o r by l o o k i n g a t t h e c h a n g e s t h r o u g h 
each r e d u c t i o n pa thway. T e c h n o l o g i c a l i n f o r m a t i o n i s a l s o o b t a i n e d by 
l o o k i n g a t t h e c o r r e l a t i o n be tween t h e p o s i t i o n of c o r t e x and o t h e r 
v a r i a b l e s . 
PLATFORM ATTRIBUTES 
20. P l a t f o r m Wid th 
The w i d t h of t h e p l a t f o r m remnan t was measu red w i t h c a l i p e r s , i n 
m i l l i m e t r e s , from 0-99 mm. The measurement was made on t h e p l a t f o r m 
s u r f a c e from one m a r g i n t o t h e o t h e r . 
S m a l l e r p l a t f o r m w i d t h s , r e l a t i v e t o f l a k e s i z e , may i n d i c a t e 
e i t h e r o v e r h a n g r e m o v a l a n d / o r i s o l a t i o n of t h e p o i n t of f o r c e 
a p p l i c a t i o n d u e t o c o r e s h a p e . The i s o l a t i o n o f t h e p o i n t o f f o r c e 
a p p l i c a t i o n i s r e l a t e d t o p l a t f o r m w i d t h b e c a u s e i t i n v o l v e s t h e 
p l a c i n g of t h e hammer on a more p r o j e c t e d p a r t of t h e c o r e . I n t h e s e 
c a s e s r e l a t i v e l y s m a l l p l a t f o r m w i d t h s may be c o r r e l a t e d t o c e r t a i n 
f l a k e c r o s s - s e c t i o n s and p l a t f o r m t y p e s . P l a t f o r m w i d t h s can a l s o be 
used i n c o n j u n c t i o n w i t h p l a t f o r m t h i c k n e s s e s t o c a l c u l a t e p l a t f o r m 
a r e a . 
U n l i k e Phagan (1976 :45) , I do n o t b e l i e v e t h a t l o w e r v a l u e s a r e 
a l w a y s i n d i c a t i v e of c a r e f u l and r e p e a t e d t e c h n i q u e s . The m a n u f a c t u r e 
of t u l a s d e m o n s t r a t e s w i d e p l a t f o r m s c a n b e r e g u l a r l y p r o d u c e d by 
w e l l c o n t r o l l e d t e c h n i q u e s . When s m a l l p l a t f o r m w i d t h s o c c u r on 
l a r g e r f l a k e s , howeve r , i t i s l i k e l y t o be t h e r e s u l t of p a r t i c u l a r l y 
s e n s i t i v e l o c a t i o n s and c o r e p r e p a r a t i o n . 
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21. Platform t h i cknes s 
P l a t f o r m t h i c k n e s s was measured a s t h e d i s t a n c e a c r o s s t h e 
p l a t fo rm surface from the v e n t r a l to d o r s a l f aces . This measure was 
t a k e n a t t h e r i n g c r a c k and i n l i n e w i t h t h e p e r c u s s i o n a x i s . 
Measurements were taken wi th c a l i p e r s to the n e a r e s t m i l l i m e t r e . 
P la t form th i ckness measures the d i s t a n c e of the v e n t r a l sur face 
from t h e c o r e s u r f a c e . As t h e v e n t r a l s u r f a c e i s i n i t i a t e d a t t h e 
r i ng crack p l a t fo rm th i ckness i n d i c a t e s the d i s t a n c e of the po in t of 
force a p p l i c a t i o n from the edge of the core . The l o c a t i o n of the blow 
i s i m p o r t a n t b e c a u s e i t d e t e r m i n e s t h e a r e a ( s i z e ) of t h e f r a c t u r e 
p l a n e and u l t i m a t e l y e f f e c t s f l a k e s i z e . The l o c a t i o n of a p p l i e d 
f o r c e may a l s o be r e l a t e d t o a t t r i b u t e s such as p l a t f o r m t y p e . I n 
conjunct ion wi th p l a t fo rm width, p l a t fo rm th i ckness can be used t o 
c a l c u l a t e the p l a t fo rm area . Like p l a t fo rm width , s m a l l e r p l a t fo rm 
th ickness may i n d i c a t e inc reased c o n t r o l of the placement of blows, 
p o s s i b l y r e l a t e d t o overhang removal . 
22. Platform type 
Five c a t e g o r i e s of p l a t fo rm type were def ined: 
0 = Inde te rmina te . 
1 = Sha t t e red . 
2 = Foca l i zed . 
3 = Wide a r e a . 
4 = Gul l -winged. 
These p l a t f o r m t y p e s were d e f i n e d as f o l l o w s . I n d e t e r m i n a t e 
meant t h a t no c e r t a i n d e s c r i p t i o n of p l a t f o r m t y p e c o u l d be g i v e n . 
Sha t te red p la t fo rms were recorded where the remnant of a p l a t fo rm was 
d e f i n i t e l y i d e n t i f i e d but no f u r t h e r in format ion could be recorded. 
Foca l i zed p la t fo rms were those i n which the a rea of the p l a t fo rm was 
l e s s than twice t he a rea of t he r i n g crack. Wide area p la t fo rms were 
those i n which the a rea of t he p l a t fo rm was more than twice t he a rea 
of t he r i n g crack. Gul l -wing p la t fo rms a r e u s u a l l y t h i n and wide wi th 
a c h a r a c t e r i s t i c / • '^K" k or ' g u l l - w i n g ' p a t t e r n . 
S h a t t e r e d p l a t f o r m s i n d i c a t e t h a t t h e f o r c e a p p l i e d was 
e x c e s s i v e a n d / o r t h a t t h e b l o w was l o c a t e d v e r y c l o s e t o t h e c o r e 
edge. Foca l i zed and g u l l - w i n g e d p la t fo rms i n d i c a t e t h a t the blow was 
p l a c e d c l o s e t o t h e c o r e edge , and t h e a p p l i e d f o r c e was n o t 
371 
Appendix 4 
exces s ive . Foca l i zed types i n p a r t i c u l a r i n d i c a t e p l a t f o r m i s o l a t i o n 
( in terms of s i z e of the con tac t a rea of the hammer), r e s u l t i n g from 
e i t h e r overhang removal or placement of t he hammer on a prominent 
p a r t of the core . Foca l i zed p la t fo rms a l s o i n d i c a t e t h a t t he blow was 
p r e c i s e l y p laced . Gul l -winged p la t fo rms a r e due t o the placement of 
t h e b low i m m e d i a t e l y b e h i n d t h e n e g a t i v e r i n g c r a c k of a f l a k e 
removed p r e v i o u s l y . This would u s u a l l y happen i n d i f f e r e n t blows to 
t h e c o r e , bu t i t has been s u g g e s t e d t h a t i t can o c c u r as t h e r e s u l t 
of rebounds or m u l t i p l e c o n t a c t i n g dur ing a s i n g l e fo rce a p p l i c a t i o n 
(cf. Phagan 1976 :46) . Wide a r e a p l a t f o r m s on t h e o t h e r hand s u g g e s t 
r e l a t i v e l y imprecise blow l o c a t i o n . 
23. Platform surface 
Eight d i f f e r e n t p l a t fo rm sur faces were def ined: 
0 = Indeterminate. 
1 = Cortex. 
2 =• Incipient fracture plane. 
3 - Shattered platform-
4 = Single flake scar. 
5 =• Two or more large flake scars. 
6 = A series of small scars/crushing. 
7 = Ground. 
Each of these was measured primarily in reference to the ring 
crack. This is because the surface of the platform which is struck by 
the hammer can affect fracturing, whereas the surface elsewhere on 
the platform has little or no effect. Indeterminate surfaces (0) were 
those on which the surface of the ring crack could not be described. 
This was often the case if the platform was shattered or extremely 
small. The other seven categories are ordered roughly into a series 
where increased values indicate increased energy expenditure in 
creating the platform surface. Cortical (1) and incipient plane 
surfaces (2) represent no modification at all, and are likely to 
occur more frequently in the earlier stages of reduction than in 
later phases. These surfaces are usually rougher than conchoidal 
surfaces, and thereby provide greater friction with the hammer on 
impact. This greater friction increases the efficiency of energy 
transference. These unmodified surfaces, however, provide no control 
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over the angle of the platform to the core face. Single f lake scars 
(4) u s u a l l y p rov ide a f l a t and r e l a t i v e l y smooth su r f ace , as do 
surfaces with 2 or more large f lake scars (5). These smooth surfaces 
usua l ly provide l ess ef f ic ient force transference but a l low a much 
greater choice of platform angle. Series of small scars (6), perhaps 
overlaying larger scars , tend to increase f r i c t ion with the hammer, 
and of ten i s o l a t e the p l a t fo rm or remove overhangs . I t i s a l s o 
possible to produce more su i t ab le platform angles with th i s type of 
sur face mod i f i ca t i on . Grinding p la t fo rms (7) r e q u i r e s more energy 
expenditure than producing any other platform surface - but l ike type 
6 i t can p rov ide a more i s o l a t e d p l a t fo rm, a sur face which a ids i n 
t r a n s f e r r i n g energy from the hammer, and a g r e a t e r c o n t r o l over 
platform angles. 
24. Platform angle 
The a n g l e between the d o r s a l sur face and the remnant p l a t fo rm 
was measured in 10° uni ts and coded as follows: 
0 » Indeterminate. 
1 - <40°. 
2 - 40 - 49°. 
3 - 50 - 59°. 
4 = 60 - 69°. 
5 = 70 - 79°. 
6 = 80 - 89°. 
7 = 90 - 99°. 
8 - 100 - 109°. 
9 - >110°. 
Al l these measurements were made using both a goniometer and a 
p r o t r a c t o r i n an a t tempt to e l i m i n a t e measurement e r r o r . Because 
measurements were taken in 10° u n i t s , the measuring t echn iques 
probably record the angle with suff ic ient accuracy. I t i s the average 
angle of the dorsal face to the platform which was measured here. 
Platform/dorsal angles record the angle between the platform and 
core face on the producer immediate ly p r i o r t o the f l a k e being 
s t ruck . A l l e l s e being equal t h i s ang l e de termines the amount of 
force required to create a f lake . 
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25. Platform removal 
Pla t form removal occurs when a f l a k e i s s t r u c k i n such a way 
that an old platform i s removed from the core on the dorsa l surface 
of the f l a k e . The presence or absence of such o l d p l a t f o r m s was 
recorded on each f lake. 
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DATA FRCM COLLESS CREEK CAVE 
This appendix lists the raw data used in many of the analyses in 
Chapter 9. All of the artefacts come from square P46 in Colless Creek 
Cave. Excluded from these lists, and from statistical analyses of 
size and morphology, are artefacts in the following categories: 
1. Flaked Pieces. 
2. Extensively heat shattered fragments of artefacts. 
(For example, shattered flakes with little of the 
original surface intact except for a ringcrack). 
3. Uncertain identification (especially flakes which 
were difficult to distinguish from eraillures or 
potlids). 
4. Fragments of broken artefacts which have been 
conjoined. In these cases the reconstructed objects were 
measured and only one number is given in the list. 
The definition of attributes and the coding of attribute states 
is given in Appendix 4. In the following lists some column headings 
are abbreviated: NUMB (artefact number), RM (raw material), DAMAG 
(edge damage), HEAT (heating), BREAK (breakage), OHR (overhang 
removal), ROTATION (number of marginal/distal scars), CROSS SECT 
(transverse cross-sectional shape), PLAT WIDTH (platform width), PLAT 
THICK (platform thickness), PLAT TYPE (platform type), PLAT SURF 
(platform surface), PLAT ANGLE (platform angle), PLAT REMOVAL 
(platform removal). 
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39.5 
7,4 
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78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
1 
1 
2 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
9 
8 
9 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
1 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
1.5 
4.2 
0,5 
1.3 
1.2 
1.4 
0.6 
0.3 
1.3 
0.9 
0.7 
1.0 
0.4 
1.4 
0.9 
0.5 
1.2 
1.3 
1.6 
0.1 
0.3 
0.8 
0.1 
0.5 
0.3 
0.2 
0.2 
0.1 
0.2 
0.3 
0.3 
0.1 
0.1 
0.4 
0.2 
0.4 
0.2 
0.3 
0.4 
0.7 
0.7 
0.1 
0.2 
0.2 
0.7 
0.4 
0.7 
0.1 
0.2 
DAMAG 
Y 
N 
N 
Y 
Y 
N 
Y 
N 
N 
N 
Y 
Y 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
Y 
Y 
Y 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
HEAT 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
Q 
0 
Q 
0 
0 
7 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BREAK 
4 
1 
4 
1 
1 
1 
1 
1 
3 
4 
1 
4 
2 
3 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
4 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
3 
1 
377 
Appendix 5 
SPIT 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 H
 
1 
1 
1 
1 
NUMB 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
3 
3 
3 
3 
3 
1 
1 
1 
3 
3 
3 
1 
3 
3 
1 
3 
3 
3 
3 
3 
2 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
0.1 
0.2 
0.1 
0,3 
0.2 
0.1 
0.3 
0.3 
0.3 
0.1 
0.1 
Q»2 
0.5 
0.4 
0.1 
0.2 
0.1 
0.3 
0.1 
0.1 
0.2 
0-1 
0.1 
0.1 
0.5 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.3 
0.6 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
DAMAG 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
H 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
m 
N 
N 
N 
N 
N 
HEAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ft 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
Q 
0 
0 
0 
0 
0 
0 
0 
BREAK 
1 
1 
1 
1 
1 
4 
1 
4 
1 
1 
4 
1 
1 
1 
1 
2 
5 
1 
1 
t 
4 
1 
1 
2 
1 
1 
2 
1 
3 
1 
3 
1 
2 
Z 
4 
3 
1 
1 
1 
1 
4 
1 
2 
4 
1 
4 
1 
3 
7 
378 
Appendix 5 
SPIT 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I-l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
NUMB 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0*7 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.4 
0.2 
0*1 
0.1 
0.7 
0.4 
0.1 
0.2 
0.1 
0.4 
0.1 
0,1 
0.1 
0.1 
0.1 
0.9 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
DAMAG 
» 
N 
N 
N 
N 
N 
Y 
N 
U 
N 
N 
N 
n 
N 
N 
N 
N 
N 
XJ"*' 
ir 
N 
N 
N 
N 
N 
N 
N 
K 
N 
N 
N 
N 
n 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
HEAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
n 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BREAK 
8 
2 
1 
1 
1 
8 
1 
1 
1 
3 
4 
1 
1 
1 
1 
5 
2 
3 
4 
1 
4 
1 
1 
4 
1 
3 
'5 
1 
4 
1 
1 
1 
3 
1 
7 
4 
4 
4 
2 
3 
1 
2 
4 
4 
2 
3 
1 
4 
7 
379 
Lppendj. 
SPIT 
1 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
S 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
X 5 
NUMB 
199 
200 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
TYPE 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
5 
5 
3 
1 
1 
3 
2 
3 
3 
2 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
1 
1 
3 
3 
3 
3 
1 
3 
3 
3 
3 
8 
3 
1 
3 
3 
3 
3 
1 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
0.1 
0.1 
0.1 
3.1 
56.5 
1.3 
9.9 
$a 2.2 
22.2 
2.9 
1.8 
2.1 
3.9 
6.5 
1.2 
1.5 
0.7 
2.1 
2.6 
0.4 
0.8 
1.1 
0.7 
1.1 
1.3 
6.8 
0.4 
0.7 
6.3 
0.6 
0.2 
0.1 
0.7 
0.5 
0.1 
0.2 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.4 
0.1 
0.1 
0.1 
DAMAG 
N 
N 
N 
Y 
Y 
Y 
Y 
N 
N 
N 
Y 
N 
Y 
N 
N 
N 
N 
H 
N 
N 
N 
N 
N 
N 
N 
N 
N 
n 
N 
N 
N 
N 
N 
t 
N 
N 
N 
N 
N 
N 
N 
N 
w. 
M 
N 
Y 
N 
N 
N 
HEAT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
3 
0 
0 
0 
0 
1 
0 
0 
0 
3 
1 
0 
3 
0 
t 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BREAK 
5 
1 
7 
1 
1 
1 
1 
1 
4 
2 
1 
1 
2 
1 
1 
5 
1 
1 
1 
1 
1 
5 
1 
1 
1 
4 
1 
5 
6 
5 
4 
1 
1 
1 
1 
1 
4 
5 
5 
4 
1 
1 
1 
1 
4 
1 
6 
3 
1 
380 
Appendix 5 
SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
s 5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
6 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
8 
3 
3 
1 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
0.1 
0.1 
0.1 
0.1 
0,1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.5 
0,1 
0.1 
Q.l 
0,3 
0.1 
0.1 
0.4 
0.1 
0.1 
Q.l 
0,1 
0,1 
0.1 
0,2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
4.7 
N 
N 
N 
N 
N 
W 
N 
if-
t 
N 
N 
w 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
W 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
:N 
N 
N 
N 
N 
N 
N 
N 
n 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
1 
1 
5 
1 
1 
4 
1 
1 
2 
1 
6 
1 
1 
1 
1 
2 
1 
4 
3 
1 
1 
4 
4 
1 
4 
2 
1 
4 
5 
4 
4 
4 
4 
4 
1 
3 
5 
2 
3 
4 
1 
4 
1 
3 
3 
4 
5 
381 
Appendix 5 
SPIT 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
NUMB 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
1 
2 
3 
4 
5 
6 
7 
§ 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
1 
3 
3 
3 
3 
3 
8 
3 
2 
3 
3 
3 
2 
1 
3 
3 
1 
3 
3 
3 
3 
3 
1 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
1.5 
1.4 
0.7 
1.4 
0.2 
8.5 
0.1 
0.6 
0.1 
0.4 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0,1 
0.1 
0.1 
0,1 
6.5 
15.9 
46.1 
1.7 
2.7 
0.6 
0.5 
0.2 
0.6 
0.4 
0.3 
1.1 
0.4 
0.2 
0.3 
0.3 
0.3 
0.2 
0.8 
0.1 
0.4 
0.3 
0.5 
0.2 
0.2 
0.1 
0.4 
0.3 
DAMAG 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
Y 
N 
N 
K 
Y 
M 
Y 
Y 
Y 
N 
N 
N 
Y 
H 
N 
H 
N 
N 
N 
N 
N 
N 
N 
HEAT 
0 
0 
0 
0 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
BREAK 
2 
1 
1 
1 
2 
1 
1 
1 
5 
1 
1 
1 
2 
1 
1 
1 
6 
I 
3 
4 
4 
1 
0 
0 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
6 
1 
1 
4 
1 
382 
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SPIT 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
NUMB 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
47 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
% 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
3 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
i 
1 
3 
3 
3 
3 
3 • 
3 
3 
1 
3 
3 
1 
3 
3 
3 
3 
3 
2 
1 
3 
3 
3 
1 
3 
3 
1 
3 
3 
3 
3 
WEIGHT 
0,1 
0.1 
0.1 
0.2 
0.3 
0.1 
0.1 
0.4 
0.1 
0.1 
0.1 
0.1 
0,1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
0.3 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.5 
0.1 
0.1 
1.2 
5.2 
3.8 
2.9 
7.3 
7.6 
11.0 
2.3 
10.1 
4.8 
40.6 
6.4 
8.1 
0.5 
14.2 
1.4 
7.6 
1.0 
4.4 
0.5 
DAMAG 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
n 
N 
Y 
N 
Y 
N 
N 
t 
Y 
Y 
N 
Y 
N 
N 
i 
Y 
M 
HEAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 • 
3 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BREAK 
1 
5 
1 
8 
4 
2 
1 
4 
1 
3 
1 
1 
8 
4 
2 
4 
4 
4 
1 
1 
3 
4 
5 
1 
5 
1 
5 
1 
4 
1 
1 
1 
1 
1 
4 
4 
4 
1 
1 
1 
1 
1 
5 
1 
2 
6 
1 
1 
1 
383 
Lppendii 
SPIT 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
S 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
3 
8 
: 5 
NUMB 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
RM 
1 
1 
3 
2 
3 
3 
3 
1 
3 
2 
3 
3 
3 
1 
3 
3 
3 
3 
1 
1 
3 
3 
3 
1 
3 
3 
3 
1 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
WEIGHT 
11.4 
4.2 
14.3 
31.3 
64.0 
57.0 
4.2 
5.2 
7.7 
5.7 
2.1 
5.0 
3.1 
1.3 
10.0 
6.5 
5.2 
10.7 
16.4 
13.8 
23.5 
12.4 
101.0 
31.2 
25.9 
109.0 
49.6 
26.7 
62.2 
15.1 
26.2 
16.7 
11.8 
17.0 
24.3 
27.1 
4.7 
20.1 
3.2 
19.7 
5.9 
2.8 
25.4 
17.2 
12.8 
3.0 
21.5 
22.4 
8.0 
DAMAG 
Y 
Y 
Y 
Y 
N 
Y 
Y 
N 
Y 
N 
N 
Y 
Y 
N 
Y 
Y 
Y 
Y 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
Y 
Y 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
Y 
Y 
N 
N 
Y 
Y 
HEAT 
1 
1 
0 
1 
1 
0 
3 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
1 
0 
0 
1 
0 
1 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
1 
0 
3 
1 
1 
1 
1 
0 
0 
BREAK 
1 
1 
1 
1 
1 
1 
5 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
0 
1 
1 
1 
4 
1 
4 
1 
1 
1 
1 
2 
1 
1 
1 
384 
SPIT 
8 
a 
8 
s 
8 
8 
8 
8 
8 
8 
8 
a 
8 
8 
8 
8 
8 
8 
3 
8 
8 
8 
3 
8 
8 
8 
8 
§ 
8 
8 
3 
8 
8 
3 
8 
3 
8 
8 
3 
8 
8 
3 
8 
3 
3 
3 
3 
3 
8 
NUMB 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
1 
3 
3 
1 
3 
3 
1 
3 
1 
3 
3 
3 
1 
3 
3 
3 
1 
1 
3 
3 
1 
3 
3 
3 
3 
3 
2 
1 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
13.2 
3.4 
8.4 
14.9 
11.4 
0.8 
11.7 
3.2 
10.2 
6.8 
5.1 
8.1 
17.1 
2.1 
10.3 
0.7 
10.0 
2.7 
2.2 
0.6 
1.6 
3.1 
1.0 
0.5 
0.5 
0.6 
6.6 
0.9 
3.9 
3.3 
15.4 
2.4 
25.4 
8.9 
6.0 
3.2 
7.1 
3.1 
0.7 
0.9 
11.8 
9.2 
2.0 
3.7 
2.2 
1.1 
14.3 
0.4 
5.1 
DAMAG 
y 
Y 
Y 
Y 
N 
N 
n 
N 
N 
N 
N 
Y 
N 
N 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
N 
N 
Y 
N 
Y 
N 
N 
8 
Y 
N 
N 
N 
n 
N 
Y 
N 
Y 
Y 
K 
Y 
Y 
Y 
It 
N 
H 
N 
N 
HEAT 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
Appendix 5 
BREAK 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
4 
1 
1 
4 
1 
1 
1 
1 
2 
2 
1 
5 
1 
1 
1 
1 
1 
4 
4 
1 
1 
3 
1 
4 
1 
5 
2 
1 
5 
5 
1 
385 
Appendix 5 
SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
3 
3 
3 
3 
8 
3 
3 
3 
8 
'© 
3 
3 
3 
3 
3 
8 
3 
8 
3 
3 
8 
8 
8 
3 
8 
3 
8 
i 
8 
8 
3 
8 
3 
3 
8 
8 
8 
3 
3 
8 
8 
8 
8 
8 
8 
8 
8 
3 
8 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
101 
102 
103 
104 
105 
106 
107 
103 
109 
110 
112 
113 
114 
115 
116 
117 
113 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
1 
3 
3 
3 
3 
1 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
8.6 
11.7 
5.2 
5.5 
9.0 
23.3 
9.2 
19.5 
16.7 
0.2 
0.7 
0.4 
0.2 
0.3 
0.3 
0.2 
0.2 
0.8 
0.5 
0.4 
0.2 
1.0 
0.5 
0.1 
0.1 
0.4 
0.1 
0.2 
0.3 
0.1 
0.1 
0.2 
0.5 
0.4 
0.1 
0.1 
0.2 
0.2 
0.1 
0.3 
0.1 
0.1 
0.4 
0.1 
0.5 
0.6 
0.1 
0.2 
0.6 
N 
N 
Y 
N 
Y 
N 
N 
n 
Y 
N 
N 
N 
11 
M 
H 
N 
N 
N 
N 
f 
N 
y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
1 
1 
0 
0 
0 
3 
0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
3 
2 
2 
4 
3 
1 
5 
2 
8 
2 
1 
1 
5 
4 
2 
1 
1 
1 
2 
1 
1 
1 
4 
5 
2 
1 
5 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
2 
1 
1 
4 
1 
4 
1 
1 
1 
4 
1 
4 
1 
386 
Appendix 5 
SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
8 
8 
3 
8 
8 
8 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
136 
137 
138 
139 
140 
141 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
I-l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I-l 
1 
1 
1 
1 
1 
I-l 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
5 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
5 
1 
3 
3 
3 
2 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
1 
3 
1 
2 
1 
1 
3 
3 
3 
3 
2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
16.1 
51.2 
9.1 
4.3 
10.8 
0.5 
5.0 
5.3 
9.0 
4.4 
2.0 
4.7 
2.5 
1.6 
1.0 
1.0 
2.9 
0.6 
5.5 
1.2 
1.0 
1.5 
1.3 
0.7 
1.7 
2.1 
1.6 
0.7 
0.7 
0.8 
1.5 
1.7 
2.4 
2.4 
0.9 
6.5 
3.9 
5.0 
1.0 
0.6 
1.3 
1.7 
1.4 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
N 
N 
Y 
N 
Y 
Y 
Y 
N 
Y 
N 
Y 
Y 
Y 
N 
Y 
N 
N 
Y 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
0 
0 
0 
0 
0 
0 
1 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
4 
1 
4 
4 
1 
1 
1 
1 
1 
3 
7 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
4 
1 
1 
2 
1 
1 
5 
1 
1 
6 
1 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
387 
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SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
H
 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I-l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
3 
3 
1 
3 
3 
3 
3 
1 
3 
3 
3 
3 
1.1 
0.7 
0.6 
0.4 
4.7 
5,3 
0.5 
3.5 
1.3 
0.6 
0.4 
1.0 
4.0 
0.9 
0.5 
1.9 
1.0 
4.3 
0.7 
0.4 
0*5 
O«0 
3,1 
4.8 
2.2 
0.6 
0.3 
1.0 
0.3 
0.6 
1.1 
1.3 
4.6 
5.3 
13.8 
6.7 
4.3 
2.3 
1.6 
3.6 
2.3 
0.7 
2.2 
0.3 
3.0 
0.4 
1.8 
0.1 
2.6 
N 
N 
Y 
N 
N 
N 
N 
N 
» 
N 
N 
Y 
Y 
N 
N 
N 
N 
Y 
N 
B 
Y 
N 
N 
N 
f 
N 
Y 
Y 
N 
N 
» 
Y 
Y 
Y 
Y 
N 
Y 
H 
H 
Y 
H 
? 
N 
y 
N 
IT 
Y 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
4 
3 
2 
1 
5 
1 
1 
1 
5 
1 
1 
1 
1 
2 
1 
2 
1 
1 
3 
4 
1 
1 
1 
1 
5 
1 
1 
1 
5 
1 
1 
1 
1 
1 
1 
5 
1 
1 
1 
1 
5 
5 
1 
4 
1 
5 
1 
4 
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SPIT 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
NUMB 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
123 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
1,3 
0.7 
0.5 
0.3 
0.3 
0.3 
0.2 
0.2 
0.5 
0.4 
0.2 
0.3 
0.2 
0.5 
0.1 
0.2 
0.3 
0.2 
0.1 
0.2 
0.1 
0.2 
0.1 
0.1 
0,1 
0.1 
0.7 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.1 
0.2 
0.1 
0.2 
0.3 
0.1 
0.2 
0.3 
0.2 
0.2 
0.1 
0.2 
0.2 
0.3 
0.3 
0.4 
DAMAG 
N 
N 
N 
y 
if 
N 
N 
N 
S 
N 
N 
N 
N 
N 
N 
1 
N 
N 
N 
N 
N 
w 
N 
N 
N 
N 
N 
N 
N 
N 
N 
K 
N 
N 
N 
,N 
N 
Y 
N 
H 
N 
N 
I 
n 
I 
N 
N 
N 
N 
HEAT 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BREAK 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
a 
1 
1 
3 
1 
1 
1 
4 
1 
1 
1 
4 
1 
1 
1 
1 
%. 
1 
2 
5 
1 
1 
2 
1 
4 
1 
a 
1 
1 
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SPIT 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
NUMB 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
163 
169 
170 
171 
172 
173 
174 
175 
176 
177 
173 
179 
180 
181 
182 
133 
184 
185 
186 
187 
188 
189 
190 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
1 
3 
3 
3 
2 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
WEIGHT 
0.3 
0.3 
0.1 
0.2 
0.3 
0.1 
0.3 
0.2 
0.2 
0.7 
0.1 
0.2 
0.1 
0.2 
0.3 
0.4 
0.2 
0.2 
0.2 
0.3 
0.1 
0.3 
0.1 
0.2 
0.4 
0.2 
0.2 
0.2 
0.3 
0.3 
0.2 
0.2 
0.2 
0.1 
0,2 
0,1 
0,2 
0.3 
0.1 
0,3 
0,2 
0,4 
0,2 
0.2 
0.1 
0.3 
0,2 
0.3 
0,2 
DAMAG 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
H 
n 
N 
N 
N 
N 
N 
N 
N 
N 
H 
N 
N 
N 
HEAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
BREAK 
1 
3 
4 
1 
5 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
t 
1 
1 
1 
5 
1 
1 
1 
1 
1 
4 
5 
1 
4 
i 
S 
1 
5 
1 
1 
1 
1 
1 
1 
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SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
236 
237 
238 
239 
240 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 1 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 2 
1 3 
1 3 
1 3 
1 3 
0.1 
0.1 
0.2 
0.2 
0.2 
.2 
,1 
,1 
,3 
0.6 
0.2 
0.1 
0.2 
0.1 
0.2 
0.2 
0.3 
0.4 
0.3 
0.1 
0.2 
0.3 
0.1 
0.1 
0.2 
0.2 
0.1 
0.4 
0.2 
0.1 
0.1 
0.1 
0.2 
0.1 
0.6 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.1 
0.1 
0.4 
0.2 
0.2 
0.4 
0.1 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
2 
4 
3 
1 
1 
1 
1 
1 
1 
1 
1 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
4 
1 
1 
8 
1 
1 
1 
1 
4 
1 
1 
1 
6 
1 
1 
5 
1 
1 
5 
1 
1 
1 
1 
1 
391 
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SPIT 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
5 
NUMB 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
273 
274 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
WEIGHT 
0.2 
0.2 
0.1 
0.2 
0.7 
0.2 
0.1 
0.1 
0.1 
0.3 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
14.0 
6.0 
4.8 
0.6 
0.5 
3.9 
1.4 
2.0 
0.4 
0.1 
1.8 
0.4 
0.2 
1.6 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.1 
2.1 
0.1 
0.1 
0.3 
0.8 
4.6 
0.3 
0.3 
DAMAG 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
Y 
N 
Y 
N 
N 
Y 
N 
N 
s 
Y 
N 
N 
N 
t 
Y 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
M 
HEAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
BREAK 
1 
6 
3 
1 
1 
5 
1 
1 
1 
1 
1 
1 
5 
8 
1 
1 
1 
1 
1 
2 
1 
1 
1 
5 
1 
1 
1 
1 
1 
4 
5 
1 
1 
4 
1 
5 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
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SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
1 
2 
3 
4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 2 
1 3 
1 3 
1 3 
1 3 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 1 
1 3 
1 3 
1 2 
1 3 
1 3 
1 3 
1 2 
1 3 
1 3 
1 3 
1 3 
1 3 
0.1 
0.3 
0.1 
0.4 
0.8 
0.1 
0.3 
1.0 
0.2 
0.5 
0.2 
0.5 
0.1 
0.1 
0.1 
0.1 
0.5 
0, 
0, 
0, 
0, 
1. 
0. 
0, 
0.2 
2.8 
1.3 
2.2 
5.9 
3.3 
0.4 
0.4 
1.2 
2.0 
0.8 
0.2 
0.5 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0.3 
0.1 
0.1 
0.2 
0.2 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
4 
1 
6 
1 
1 
1 
1 
1 
2 
1 
5 
5 
4 
1 
2 
7 
1 
4 
1 
8 
2 
5 
4 
4 
1 
1 
1 
1 
1 
1 
5 
5 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
4 
1 
1 
393 
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SPIT 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
5 
NUMB 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
1 
2 
3 
4 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
7 
3 
3 
3 
WEIGHT 
0.2 
0.2 
0.1 
0.2 
0.2 
0.6 
0.1 
0.4 
0.3 
0.6 
0.1 
0.3 
0.3 
0.1 
0.1 
0.1 
0.3 
2. 4 
0.1 
0,2 
0.2 
0*2 
0,1 
2,0 
0,2 
0.6 
0.4 
0.1 
0.1 
3,4 
0.5 
1.1 
0.5 
0.4 
0.2 
0.3 
0.4 
0.1 
0.3 
0.4 
0.9 
0.2 
0.8 
0.3 
0.2 
0.3 
11.5 
2.9 
4.0 
DAMAG 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
n 
N 
N 
N 
N 
n 
N 
N 
N 
N 
N 
N 
N 
w 
N 
m 
N 
Y 
N 
If 
» 
Y 
N 
W 
N 
N 
N 
N 
N 
Y 
HEAT 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
BREAK 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
2 
2 
1 
1 
5 
1 
1 
1 
1 
1 
1 
4 
4 
1 
1 
5 
1 
1 
1 
1 
1 
4 
4 
5 
5 
1 
1 
1 
1 
4 
5 
1 
1 
4 
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SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 1 
1 3 
1 1 
1 3 
1 3 
1 3 
1 6 
1 3 
1 3 
1 3 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
0, 
1, 
1, 
2, 
1. 
1.3 
1.4 
0.1 
0.4 
0. 
0, 
0. 
0. 
0. 
0. 
0, 
0, 
0, 
0, 
0.1 
0.3 
0.4 
0.1 
0.4 
0.2 
0.2 
0.5 
0.4 
0.6 
0.2 
0.3 
0.2 
0.1 
0.4 
0.1 
0.4 
0.3 
0.1 
0.1 
0.2 
0.4 
0.1 
0.1 
0.1 
0.1 
0.2 
0.9 
0.4 
0.1 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
5 
1 
1 
1 
1 
1 
1 
6 
2 
1 
5 
1 
1 
1 
1 
1 
3 
1 
4 
1 
2 
1 
1 
2 
1 
2 
1 
1 
1 
6 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
395 
Ippendij 
SPIT 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
c 5 
NUMB 
54 
55 
56 
57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
TYPE 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
RM 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
2 
WEIGHT 
1.7 
1.1 
0.1 
0.3 
0.4 
0.2 
0.1 
0.6 
0.1 
0.2 
0.4 
0.4 
0.4 
1.2 
0.3 
0.4 
4.8 
7.9 
3.0 
1.2 
3.8 
0.3 
0.5 
0.4 
1.2 
3.1 
1.4 
0.3 
0.3 
2.0 
1.7 
0.1 
0.3 
0.3 
0.1 
0.2 
0.1 
0.1 
0.6 
0.3 
0.2 
0.2 
0.4 
0,2 
0*5 
0.1 
0.3 
0*3 
0.2 
DAMAG 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
S 
N 
N 
N 
N 
N 
V'' 
N 
N 
N 
N 
HEAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BREAK 
1 
1 
2 
1 
1 
1 
1 
1 
5 
1 
1 
5 
3 
4 
1 
1 
5 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 
5 
1 
I 
2 
1 
1 
8 
2 
1 
4 
I 
1 
4 
1 
2 
4 
1 
4 
1 
3 
1 
1 
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SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
18 
18 
18 
18 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
1 
2 
3 
4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 
2 
3 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
1 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
1 
3 
2 
3 
3 
1 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
11.7 
4.0 
0.1 
0.5 
0.2 
0.3 
0.4 
0.3 
0.4 
0.7 
0.1 
0.1 
0.2 
0.5 
0.1 
0.4 
0.1 
0.3 
0.1 
0.2 
0.1 
0.2 
1.5 
0.2 
0.2 
0.5 
0.3 
0.4 
0.7 
0.1 
0.1 
0.6 
0.3 
0.1 
1.4 
0.2 
0.1 
0.1 
1.8 
0.2 
0.2 
0.4 
1.1 
0.1 
0.1 
0.6 
0.9 
0.5 
0.9 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
1 
1 
1 
1 
4 
5 
1 
1 
1 
5 
1 
4 
4 
5 
1 
1 
1 
1 
4 
4 
4 
1 
1 
1 
1 
4 
1 
I 
1 
2 
1 
1 
2 
1 
3 
1 
2 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
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SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
18 
18 
13 
18 
18 
13 
18 
18 
18 
13 
18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 
2 
3 
4 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
0.2 
2.2 
0.2 
1.5 
0.2 
0.1 
0.2 
0.2 
0.9 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.4 
0.3 
0.3 
0.1 
0.1 
0.7 
0.1 
0.1 
0.4 
0.9 
0.1 
0.1 
0.1 
0.1 
0.1 
0.9 
1.4 
0.1 
0.2 
0.8 
0.2 
0.2 
0.1 
0.2 
0.7 
0.1 
0.1 
0.1 
0.1 
0.6 
0.7 
0.2 
0.6 
0.1 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
5 
1 
1 
2 
1 
1 
1 
2 
1 
4 
5 
4 
4 
1 
4 
I 
2 
4 
1 
1 
2 
1 
1 
4 
1 
1 
4 
1 
5 
5 
1 
1 
1 
2 
1 
1 
5 
2 
2 
4 
4 
3 
5 
1 
2 
2 
1 
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SPIT NUMB TYPE RM WEIGHT DAMAG HEAT BREAK 
21 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
6 
7 
8 
9 
10 
11 
12 
13 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 5 
1 3 
1 1 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 5 
1 2 
1 3 
1 3 
1 3 
1 3 
1 3 
1 2 
1 3 
0.3 
0,3 
1.0 
0,2 
0,3 
0.5 
0.3 
1.0 
0.1 
0.2 
0.2 
0,9 
0.2 
0.1 
0,2 
0,1 
0.4 
3,7 
0.1 
0.3 
0,4 
0.1 
0.2 
0.2 
0.1 
0,2 
0.6 
0,1 
0,1 
0 ,1 
0.1 
0,1 
0.1 
1.3 
0,3 
0.1 
N 
N 
Y 
N 
N 
N 
N 
N 
If 
N 
N 
N 
N 
N 
N 
» 
N 
Y 
If 
N 
N 
N 
N 
N 
N 
N 
H 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
4 
1 
2 
1 
2 
4 
1 
1 
1 
1 
4 
1 
5 
2 
2 
1 
4 
1 
1 
1 
4 
1 
4 
4 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
4 
5 
6 
7 
3 
9 
11 
12 
13 
14 
15 
16 
17 
18 
20 
21 
22 
23 
24 
26 
28 
29 
32 
33 
35 
36 
38 
41 
44 
45 
46 
48 
49 
50 
52 
54 
55 
56 
57 
53 
61 
65 
70 
71 
72 
73 
74 
4,3 
3.2 
2.5 
4.9 
3.5 
4.0 
1.2 
3.2 
1.6 
2.3 
1.3 
1.2 
2.2 
3.5 
2.6 
3.2 
1.7 
2.3 
2.3 
2.2 
1.5 
1.9 
2.1 
1.7 
1,2 
2.5 
2.0 
2.1 
0.7 
1.3 
1.5 
1.0 
1.5 
2.0 
1.5 
0.8 
2.3 
2.1 
1.8 
1.2 
1.1 
1.4 
1.0 
0.9 
0.5 
1.1 
1.4 
0.8 
1.4 
4.8 
2.1 
2.6 
4.0 
3.3 
2.5 
3.3 
0.9 
2.8 
2.0 
2.3 
1.8 
2.9 
2.5 
2.4 
2.8 
2.5 
2.3 
1.3 
0.6 
2.0 
1.5 
0.9 
1,4 
1.6 
1.1 
2.1 
2.5 
1.5 
1.8 
1.5 
1.5 
1.4 
1.5 
1.7 
1.4 
1.5 
1.3 
1.3 
1.5 
1.2 
1.0 
1.3 
1.1 
0.4 
0.9 
1.0 
0.7 
1.0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
2 
2 
2 
Y 
N 
Y 
if 
Y 
If 
N 
N 
N 
N 
1 
Y 
N 
Y 
N 
N 
If 
N 
Y 
N 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
Y 
n 
N 
N 
N 
y 
N 
N 
If 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
1 
0 
0 
0 
0 
0 
1 
0 
0 
2 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
Q 
0 
1 
1 
2 
4 
2 
2 
1 
2 
1 
4 
2 
1 
4 
2 
3 
2 
3 
4 
2 
1 
1 
2 
1 
1 
2 
4 
1 
1 
5 
4 
1 
4 
5 
5 
4 
2 
4 
5 
4 
2 
3 
5 
2 
5 
1 
2 
2 
2 
4 
2 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
75 
77 
80 
81 
82 
83 
84 
85 
83 
89 
90 
91 
92 
93 
96 
99 
100 
101 
102 
103 
104 
106 
108 
109 
111 
112 
113 
114 
117 
118 
121 
122 
124 
125 
127 
129 
131 
136 
133 
139 
140 
142 
145 
147 
152 
153 
154 
156 
157 
0,6 
0.9 
1.1 
0.9 
1.1 
0.4 
1.4 
0.7 
0.4 
1.1 
1.3 
1.2 
0.5 
0.5 
0.9 
0.8 
0.4 
0.6 
0.6 
0.7 
0.9 
0.9 
1.4 
0.5 
0.9 
0.4 
1.3 
1.0 
0.7 
0.5 
0.7 
0.4 
1.3 
0.5 
0.6 
0.4 
0.9 
0.4 
0.5 
0.5 
0.8 
1.0 
0.6 
1.1 
0.6 
0.7 
0.4 
1.1 
0.6 
1.2 
1.0 
0.3 
1.1 
0.6 
0.3 
0.9 
0.9 
1.3 
0.9 
0.9 
0.3 
1.2 
1.0 
1.0 
1.1 
0.7 
1.1 
1.5 
1.0 
0.7 
1.2 
0.6 
0.6 
0.8 
1.4 
0.8 
1.1 
1.1 
0.6 
0.6 
0.6 
0.8 
0.6 
0.6 
0.5 
0.3 
0.3 
0.3 
0.5 
0.7 
0.2 
0.6 
0.7 
0.6 
0.4 
0.3 
1.4 
0.8 
1 
1 
2 
1 
2 
1 
1 
1 
1 
2 
1 
3 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
1 
2 
2 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
1 
If 
N 
N 
N 
Y 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
5 
2 
4 
2 
5 
2 
5 
5 
1 
5 
1 
4 
4 
2 
4 
4 
4 
4 
4 
2 
4 
1 
2 
5 
3 
2 
4 
2 
4 
4 
5 
5 
4 
4 
4 
4 
2 
2 
1 
5 
1 
1 
2 
5 
2 
4 
5 
2 
401 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 N O 2 
1 NO 1 
2 N 0 2 
2 N O 1 
2 N O 2 
1 N 1 4 
1 N O 3 
2 N 0 2 
1 N 1 1 
1 if 2 1 
1 N O 1 
1 N o 1 
1 N O 1 
1 N O 1 
1 N 0 2 
1 Y 0 4 
1 N o I 
1 N o 2 
1 N O 1 
1 Y 0 1 
1 N O 1 
1 N 0 2 
1 Y 0 2 
2 N O 2 
1 N O 2 
1 Y 0 4 
1 So 2 
2 Y 0 2 
1 N o 2 
3 N O 5 
3 NO 2 
1 NO 2 
1 No 2 
1 NO 4 
1 No 2 
4 N O 2 
1 N 0 1 
1 MO 2 
2 N o 4 
1 N o 2 
1 If 0 2 
1 N O 2 
3 N O 3 
1 N 0 2 
1 N 0 4 
1 N 0 4 
1 N 0 2 
1 N O 2 
1 N O 2 
402 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
158 
161 
162 
163 
164 
169 
171 
172 
174 
177 
179 
180 
181 
183 
196 
2 
3 
4 
5 
6 
9 
10 
12 
13 
15 
16 
17 
13 
19 
21 
22 
23 
25 
31 
32 
33 
34 
39 
40 
41 
42 
44 
47 
49 
50 
51 
53 
54 
56 
0.7 
0.9 
0.5 
0.7 
0.5 
0.6 
0.7 
0.5 
0.9 
0.7 
1.1 
1.2 
0.6 
0.7 
0.6 
1.5 
5.3 
1.5 
3.6 
2.1 
1.5 
2.0 
1.8 
2.5 
2.3 
1.1 
2.1 
2.0 
1.4 
1.2 
1.3 
2.0 
2.5 
0.8 
1.1 
1.3 
0.7 
0.6 
0.4 
0.5 
0.6 
1.4 
0.8 
0.4 
0.7 
0.6 
0.5 
0.8 
0.6 
0.5 
0.3 
0.4 
0.2 
0.3 
0.8 
0.4 
0.4 
0.4 
0.5 
1.0 
0.5 
0.3 
0.3 
0.1 
2.4 
5.1 
1.8 
2.1 
2.4 
2.1 
1.7 
2.3 
2.5 
1.6 
2.1 
1.6 
2.0 
1.0 
1.4 
1.2 
1.4 
1.0 
1.0 
0.3 
0.3 
0.5 
0.8 
0.9 
0.6 
0.4 
0.7 
0.6 
0.6 
0.6 
0.8 
0.4 
0.8 
0.6 
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SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
57 
59 
61 
62 
63 
64 
66 
69 
70 
76 
84 
3 
4 
5 
7 
8 
11 
12 
13 
15 
16 
17 
1 
5 
6 
7 
8 
9 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
23 
25 
26 
28 
29 
31 
35 
37 
39 
40 
0.6 
0.4 
0.4 
0.6 
0.7 
0.5 
0.2 
0.4 
0.5 
0.2 
0,3 
1.9 
1.2 
1.3 
2.3 
0.7 
1.0 
0.3 
0.6 
0.7 
0.6 
0.7 
2.7 
0.9 
0.8 
0.9 
1.3 
1.7 
1.2 
1.7 
1.2 
0.9 
0.9 
0.8 
1.0 
0.9 
1.6 
1.1 
1.5 
1.0 
0.3 
0.7 
0.8 
0.5 
0.8 
0.5 
0.4 
0.3 
0.7 
1.2 
0.6 
0.5 
1.0 
0.6 
0.4 
0.6 
0.6 
0.4 
0.5 
0.5 
1.1 
1.4 
1.7 
1.9 
0.7 
0.9 
0.6 
0.6 
0.3 
0.5 
0.6 
1.6 
1.9 
1.5 
0.9 
0.9 
0.9 
1.0 
1.0 
1.0 
0.6 
0.7 
0.3 
1.2 
1.2 
1.0 
0.9 
0.5 
1.4 
1.0 
0.6 
1.0 
0.6 
0.6 
0.5 
0.4 
0.4 
0.6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
2 
1 
1 
1 
1 
2 
2 
3 
2 
1 
1 
1 
1 
3 
1 
3 
1 
N 
N 
N 
M 
N 
H 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
2 
4 
2 
2 
4 
4 
4 
2 
1 
2 
1 
2 
2 
1 
4 
2 
2 
4 
1 
2 
5 
1 
4 
2 
1 
2 
2 
2 
2 
1 
1 
1 
4 
4 
2 
2 
2 
2 
2 
2 
5 
2 
2 
4 
t 
4 
2 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 N O 4 
1 N O 5 
2 N O 3 
1 Y 0 2 
1 N O 4 
1 N O 0 
1 N O 5 
1 N O 4 
1 M O 2 
2 M l 2 
1 N O 3 
1 N O 1 
1 N 0 4 
1 N O 4 
1 N 1 1 
1 N O 2 
1 M l I 
2 Y 0 2 
1 N O 1 
1 N O 1 
1 Y 0 1 
1 N O 1 
J- N o 3 
X N O 1 
2 M O 2 
1 N O 4 
1 N o 2 
1 N O 1 
2 N O t 
1 N O 2 
1 N O 2 
1 N 0 1 
I N O 4 
1 N O 2 
1 Y 1 2 
1 N 0 1 
1 N o 1 
1 N O 5 
4 N 1 3 
1 N O 1 
1 M O 1 
1 M O 1 
1 Y 0 1 
3 N o 1 
1 M O 1 
1 N o 2 
1 N 1 1 
1 N o 1 
1 N o 2 
404 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
3 
8 
3 
8 
8 
8 
8 
8 
8 
8 
50 
52 
54 
56 
58 
60 
61 
62 
63 
64 
68 
69 
70 
71 
74 
77 
78 
79 
80 
31 
82 
33 
84 
85 
87 
88 
89 
91 
92 
93 
94 
1 
2 
16 
17 
13 
19 
20 
22 
23 
24 
26 
28 
29 
30 
31 
33 
34 
35 
0.7 
2.3 
0.4 
0.3 
0.4 
1.1 
1.7 
1.7 
1.5 
1.5 
3.2 
1.5 
2.6 
2.5 
3.9 
1.1 
2.3 
1.2 
2.6 
1.3 
3.5 
2.7 
5.8 
6.7 
2.6 
2.4 
2.2 
2.4 
2.6 
1.7 
3.3 
3.4 
2.3 
3.9 
3.2 
3.1 
3.3 
3.7 
3.2 
2.5 
3.0 
2.7 
1.7 
3.6 
2.3 
3.0 
2.9 
4.6 
2.6 
1.2 
2.4 
0.3 
0.8 
0.6 
1.5 
2.2 
3.1 
1.4 
2.7 
2.3 
1,3 
3.7 
2.9 
2.5 
1.6 
1.7 
1.2 
4.0 
1.3 
2.5 
4.3 
3.1 
3.5 
1.9 
3.4 
2.3 
1.3 
2.1 
1.1 
2.4 
1.9 
2.4 
3.7 
3.6 
2.7 
2.1 
3.0 
4.2 
0.8 
4.2 
2.7 
1.2 
1.9 
2.8 
2.4 
2.9 
2.4 
2.4 
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SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 
i 
8 
1 
8 
i 
3 
3 
3 
3 
3 
3 
3 
3 
8 
8 
3 
3 
3 
3 
3 
3 
3 
3 
8 
3 
8 
3 
8 
8 
8 
8 
8 
8 
8 
3 
8 
3 
8 
8 
3 
8 
8 
8 
8 
8 
3 
3 
3 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
55 
56 
58 
59 
60 
61 
64 
66 
67 
68 
69 
70 
73 
74 
76 
78 
81 
84 
89 
94 
95 
99 
100 
101 
102 
104 
105 
106 
110 
113 
114 
115 
116 
1.9 
2.8 
3.0 
3.0 
1.9 
2.1 
1.6 
3.4 
2.3 
2.9 
2.9 
2.9 
2.7 
3.2 
1.6 
2.9 
1.0 
1.7 
1.5 
1.5 
1.3 
1.6 
2.5 
3.9 
1.7 
3.4 
2.1 
2.3 
2.1 
1.1 
2.4 
2.0 
1.9 
2.0 
4.5 
0.9 
0.8 
0.8 
0.4 
0.8 
1.0 
0.7 
0.8 
1.1 
0.5 
0.4 
0.9 
0.7 
0.3 
2.1 
2.2 
2.3 
2.3 
1.4 
3.0 
2.5 
1.9 
3.5 
1.3 
2.8 
4.2 
0.8 
3.5 
1.4 
2.2 
1.0 
1.5 
1.5 
1.5 
0.9 
1.4 
1.5 
2.3 
1.9 
3.2 
3.7 
2.5 
1.5 
1.3 
2.1 
1.1 
1.3 
2.4 
2.0 
1.1 
1.1 
1.2 
0.7 
0.7 
0.8 
1.7 
1.5 
0.9 
0.5 
0.6 
0.9 
0.9 
0.3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
y 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
2 
1 
2 
2 
4 
1 
4 
2 
2 
4 
1 
4 
2 
3 
2 
1 
2 
4 
2 
2 
1 
1 
4 
1 
1 
2 
1 
4 
3 
1 
1 
1 
1 
4 
1 
2 
2 
2 
2 
4 
4 
% 
% 
4 
2 
1 
4 
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8 
8 
8 
8 
8 
8 
8 
3 
8 
8 
8 
8 
8 
11 
11 
11 
11 
11 
11 
11 
11 
11 
12 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
119 
120 
122 
124 
125 
127 
129 
130 
131 
133 
135 
136 
138 
1 
2 
3 
4 
7 
8 
9 
10 
11 
12 
13 
14 
16 
17 
19 
20 
22 
23 
25 
26 
28 
29 
31 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
48 
0,9 
1,4 
0.5 
0.6 
0.3 
0.8 
0.4 
0.3 
1.1 
0.4 
1.2 
0.6 
0.8 
3.7 
3.9 
2.1 
2.0 
2.2 
3.3 
4.3 
2.4 
1.7 
3.5 
2.0 
1.3 
1.0 
1.4 
3.5 
2.5 
1.4 
1.3 
1.3 
1.6 
1.6 
1.8 
1.0 
1.6 
1.3 
1.3 
1.7 
1.3 
2.1 
2.3 
1.8 
1.8 
2.0 
1.9 
2.0 
1.5 
1.1 
0.9 
0.5 
0.9 
0.7 
0.8 
1.4 
0.5 
0.9 
0.5 
1.0 
1,1 
0.3 
1.9 
4,8 
2.2 
2.3 
2.3 
2.1 
1.4 
2.2 
2.1 
1.6 
1.9 
2.3 
1.5 
1.3 
2.2 
2.5 
1.6 
1.6 
1.8 
2.3 
1.1 
1.2 
2.4 
1.8 
2.3 
1.1 
3.0 
2.4 
2.3 
1.1 
1.3 
1.3 
1.2 
1.8 
1.3 
1.9 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
2 
1 
1 
2 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
3 
2 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
3 
Y 
N 
N 
N 
M 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
5 
2 
1 
4 
2 
5 
2 
1 
2 
0 
4 
1 
2 
3 
1 
5 
2 
4 
1 
1 
5 
% 
2 
4 
4 
4 
2 
4 
2 
4 
4 
2 
2 
4 
1 
4 
1 
3 
5 
4 
1 
2 
3 
2 
0 
2 
1 
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11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
50 
51 
52 
54 
55 
56 
57 
59 
61 
62 
65 
66 
67 
68 
70 
71 
72 
74 
75 
76 
77 
78 
79 
81 
82 
83 
84 
87 
89 
91 
93 
94 
95 
96 
99 
100 
101 
102 
104 
105 
106 
107 
108 
109 
110 
111 
112 
114 
115 
1.5 
1.5 
1.2 
1.6 
0.9 
2.2 
1.2 
1.4 
2.4 
1.3 
1.0 
2.2 
1.3 
2.1 
1.3 
2.1 
0.8 
2.1 
1.5 
3.0 
1.5 
3.1 
2.4 
2.5 
1.1 
3.3 
2.3 
1.1 
1.3 
0.4 
1.2 
1.7 
1.7 
0.7 
1.0 
0.9 
1.1 
1.3 
1.1 
0.8 
1.1 
1.0 
0.3 
1.1 
1.0 
0.7 
1.0 
0.8 
0.8 
1.0 
2.7 
1.9 
1.1 
1.5 
1.7 
1.7 
2.1 
1.8 
1.2 
1.4 
2.2 
2.1 
1.5 
0.8 
1.1 
0.7 
1.9 
1.5 
1.6 
2.1 
2.1 
2.1 
1.5 
1.5 
1.3 
1.3 
1.1 
1.0 
0.8 
2.2 
0.8 
0.9 
1.3 
1.1 
0.9 
0.8 
1.1 
0.7 
0.8 
1.1 
0.8 
0.3 
0.8 
1.0 
0.7 
0.8 
1.0 
0.8 
2 Y 0 4 
1 N 1 1 
1 Y 0 4 
1 N O 2 
1 N O 2 
1 N o 1 
2 N O 2 
2 N O 5 
1 N 1 1 
1 N O 1 
3 Y 0 2 
1 N O 5 
1 N O 3 
1 N O 2 
1 N 0 2 
1 N 0 2 
1 N 0 1 
1 N O 2 
1 N O 3 
1 N O 1 
3 N O 1 
1 N 0 1 
1 M 0 a 
1 N O 1 
1 N O 5 
1 N O 0 
2 N O 1 
1 N O 2 
1 N O 5 
1 Y 0 2 
1 N O 2 
1 N O 1 
2 N O 2 
1 N O 5 
2 N O 4 
1 N O 4 
1 N O 2 
1 N O 2 
1 M O 1 
1 N O 2 
1 Y 1 4 
2 N O 2 
1 N 0 4 
1 N O 1 
2 M O 4 
2 N O 4 
1 N O 2 
1 N O 2 
1 N O 2 
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1 N O 4 
1 N O 2 
1 N O 5 
1 N O 1 
1 N O 2 
2 N O 2 
1 N O 5 
1 N O 2 
1 N 0 4 
1 M O 2 
2 N O 2 
2 M O 2 
2 Y 0 2 
1 N O 4 
1 M 0 1 
1 N O 2 
1 N O 1 
1 Y 0 1 
1 N 0 1 
1 • N O 1 
1 N 0 2 
1 N O 2 
1 M 0 2 
2 N O 4 
1 N O 2 
1 N O 2 
2 N O 4 
2 N O 1 
2 N O 1 
1 N O 2 
2 Y 0 1 
1 N O 2 
2 N O 4 
1 N O 4 
1 N O 2 
1 N O 4 
1 N O 1 
1 N O 2 
1 N O 1 
1 N O 2 
1 N O 4 
1 N O 1 
1 M O 4 
3 M O 2 
2 N O 2 
1 M O 2 
1 N O 2 
2 N O 4 
2 M O 2 
408 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
117 
113 
119 
121 
122 
123 
125 
126 
127 
128 
130 
133 
134 
136 
138 
140 
141 
142 
145 
147 
148 
149 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
166 
168 
169 
170 
172 
173 
174 
175 
176 
179 
183 
185 
186 
0.6 
0.5 
0.6 
0.4 
1.2 
0,7 
0.6 
0.8 
0.7 
0.5 
1.3 
0.8 
1.0 
0.6 
1.2 
0.9 
1.0 
1.0 
0.6 
0.7 
0.9 
0.7 
1.7 
0.5 
0.9 
0.8 
0.6 
1.2 
1.1 
0.7 
1.3 
0.8 
1.0 
0.9 
0.9 
0.7 
0.7 
0.7 
1.0 
0.9 
0.7 
1.4 
0.6 
0.6 
1.5 
1.0 
1.2 
0.5 
1.0 
0,9 
0.6 
1.7 
0.5 
0.7 
1.0 
1.2 
0.7 
1.1 
0.4 
0.9 
1.0 
0.7 
0.7 
0.4 
0.9 
0.8 
0.6 
0.5 
0.5 
1.2 
0.8 
0.8 
0.3 
0.8 
0.4 
0.3 
0.7 
0.7 
1.2 
0.5 
0.6 
1.0 
0.7 
1.0 
0.8 
1.3 
0.5 
0.6 
0.9 
1.0 
0.4 
0.9 
0.7 
0.7 
0.7 
0.8 
1,1 
0.4 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
187 
133 
189 
190 
195 
196 
197 
193 
199 
200 
201 
202 
205 
206 
207 
209 
211 
212 
213 
214 
217 
218 
220 
221 
222 
223 
225 
226 
227 
229 
230 
232 
233 
236 
237 
238 
239 
240 
241 
244 
245 
247 
248 
249 
250 
251 
252 
273 
274 
0.5 
0.9 
0.8 
0.7 
0.6 
1.1 
0.5 
0.7 
1.0 
0.9 
0.8 
1.0 
1.0 
0.7 
0.8 
0.5 
1.1 
1.2 
0.8 
0.3 
0.4 
1.2 
0.5 
0.5 
1.1 
1.2 
1.2 
0.6 
0.5 
0.5 
0.5 
1.1 
0.5 
1.0 
0.7 
1.4 
1.6 
0.4 
0.5 
0.4 
0.6 
0.8 
0.5 
0.5 
0.3 
0.3 
0.4 
3.6 
2.7 
0.9 
0.7 
1.0 
1.0 
0.7 
0.7 
0.7 
0.6 
0.7 
0.7 
0.9 
0.5 
0.7 
0.7 
0.8 
1.3 
0.5 
0.8 
0.6 
0.5 
0.9 
1.0 
0,6 
0.8 
0.6 
0.5 
0.9 
1.1 
0.4 
0.7 
0.7 
0.9 
0.5 
0.7 
0.4 
0.7 
0.8 
0.5 
0.9 
1.1 
0.3 
0.4 
0.9 
0.5 
0.5 
0.5 
0.5 
2.6 
2.5 
1 
1 
1 
1 
1 
2 
1 
1 
1 
3 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
Y 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
1 
3 
2 
2 
2 
2 
2 
3 
1 
1 
2 
2 
2 
1 
5 
2 
1 
2 
1 
4 
2 
2 
4 
2 
1 
1 
0 
2 
2 
2 
2 
2 
1 
1 
2 
1 
4 
4 
4 
1 
4 
2 
1 
4 
2 
4 
1 
1 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
2 Y 0 2 
1 N O 2 
1 N O 4 
3 N 2 2 
1 N O 2 
1 N O 4 
1 N O 2 
2 N O 2 
1 N o 2 
3 N o 2 
1 N O 2 
1 Y 0 2 
1 N 0 2 
1 H O 1 
1 Y 0 2 
1 M 0 4 
1 N O 4 
1 N O 2 
1 M o 2 
2 N O 4 
2 N O 1 
2 Y 0 4 
1 N O 3 
1 N O 1 
2 N o 4 
1 N o 4 
3 N O 3 
1 M O 1 
3 N O 2 
1 N O 5 
1 N o 4 
1 N O 2 
1 M o 2 
1 N O 3 
1 Y 0 2 
1 N O 2 
1 N 1 4 
1 N o 2 
2 M o 2 
1 N o 2 
1 N o 2 
1 N O 3 
1 M o 2 
1 M O 2 
2 N O 2 
1 N O 1 
1 y 0 1 
1 N O 2 
3 N O 2 
410 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
1 
3 
S 
7 
8 
9 
10 
11 
14 
15 
17 
19 
20 
21 
22 
23 
25 
26 
27 
28 
30 
31 
33 
35 
36 
37 
38 
39 
41 
45 
48 
50 
56 
1 
2 
3 
4 
5 
8 
9 
10 
12 
13 
14 
15 
16 
17 
13 
19 
3.2 
1.4 
1.4 
1.1 
1.0 
2.0 
1.0 
1.2 
0.9 
0.8 
0.8 
0,7 
0.7 
0.9 
0.9 
0.5 
0.7 
0.8 
0.3 
1.3 
0.8 
1.1 
0.9 
1.2 
1.0 
0.6 
0.8 
1.3 
1.2 
0.3 
1.1 
0.9 
0.7 
2.7 
1.2 
2.8 
1.8 
4.3 
1.8 
1.6 
2.1 
1.4 
1.3 
0.9 
1.1 
1.2 
0.8 
1.7 
1.5 
2.0 
1.1 
1.8 
0.9 
0.7 
1.5 
0.9 
0.8 
0.8 
0.9 
1.0 
1.0 
0.8 
0.8 
0.9 
1.1 
0.9 
0.5 
0.9 
1.4 
1.1 
1.0 
1.0 
0.8 
1.6 
0.5 
0.9 
1.4 
0.7 
0.7 
1.2 
0.6 
1.0 
0.7 
1.8 
1.5 
3.4 
1.1 
1.5 
1.5 
1.0 
1.2 
1.2 
0.9 
1.1 
1.2 
0.8 
1.2 
0.8 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
20 
21 
23 
24 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
37 
38 
39 
42 
43 
45 
46 
47 
43 
49 
50 
53 
54 
56 
57 
53 
59 
60 
65 
66 
67 
63 
2 
3 
5 
7 
8 
9 
10 
11 
12 
15 
17 
18 
19 
1.1 
0.6 
1.3 
0.8 
1.2 
0.7 
0.8 
1.0 
1.7 
0.9 
1.2 
0.7 
1.4 
0.5 
1.2 
0.9 
0.9 
1.5 
0.7 
0.8 
1.0 
0.5 
1.3 
0.8 
1.4 
0.4 
2.0 
1.3 
0.3 
1.0 
0.3 
1.0 
1.1 
1.0 
1.2 
1.3 
3.2 
2.7 
1.6 
2.2 
2.0 
1.4 
1.4 
1.2 
0.4 
1.2 
1.1 
1.3 
1.2 
1.2 
0.9 
0.3 
0.9 
0.9 
0.9 
0.7 
1.0 
1.2 
0.7 
0.8 
0.8 
1.0 
0.9 
0.8 
0.8 
0.6 
1.6 
0.8 
0.9 
0.5 
0.6 
0.8 
1.0 
1.0 
0.8 
2.2 
2.1 
1.3 
1.2 
0.9 
0.7 
1.6 
0.4 
1.2 
0.7 
3.1 
1.7 
1.1 
1.7 
1.3 
2.2 
1.6 
1.8 
0.8 
0.7 
1.1 
1.3 
1.1 
2 
2 
3 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
1 
3 
1 
2 
1 
1 
1 
1 
1 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
3 
2 
1 
1 
2 
3 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
M 
N 
N 
M 
Y 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
0 
0 
0 
1 
0 
0 
2 
4 
2 
2 
2 
2 
2 
2 
1 
2 
1 
I 
1 
4 
1 
2 
4 
2 
2 
1 
2 
1 
1 
4 
2 
5 
1 
4 
5 
4 
2 
0 
3 
1 
1 
1 
1 
1 
2 
2 
1 
4 
2 
4 
4 
2 
4 
1 
1 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 Y 0 4 
1 N O 2 
1 M O 2 
1 NO 4 
2 M o 4 
1 NO 2 
1 NO 2 
2 NO 1 
1 NO 1 
2 Y 0 1 
1 Y 0 1 
i N O 4 
3 N 0 2 
1 M O 1 
1 N o 4 
1 M o 4 
1 N O 4 
1 N O 2 
1 N O 1 
3 Y 0 2 
1 N O 2 
1 N O 1 
1 N o 2 
1 N o 1 
1 N O 1 
1 N O 2 
1 N 0 1 
1 N O f 
1 M O 1 
1 N o 4 
1 No 4 
2 MO 1 
1 NO 1 
1 NO 2 
1 MO 1 
1 NO 2 
1 N O 3 
1 N o 2 
1 M l 2 
1 NO 2 
1 y 0 2 
2 Y 0 2 
1 N 0 2 
3 N O 2 
1 Y 0 1 
1 N o 4 
1 N O 4 
1 M l 1 
1 N O 2 
412 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
20 
21 
23 
25 
27 
28 
30 
32 
33 
34 
36 
37 
38 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
52 
53 
54 
55 
57 
58 
59 
60 
61 
63 
64 
68 
69 
1 
2 
3 
4 
6 
7 
8 
9 
10 
12 
13 
15 
1.0 
0.9 
1.5 
0.5 
0.8 
1.5 
1.1 
1.2 
1.4 
1.0 
1.2 
0.8 
1.1 
1.3 
0.9 
0.8 
0.5 
1.1 
0.9 
0.4 
0.8 
0.6 
0.5 
0.8 
1.2 
0.6 
1.8 
0.9 
1.4 
0.6 
0.7 
0.8 
0.3 
1.1 
0.8 
1.1 
0.7 
2.3 
2.1 
1.5 
2.1 
1.5 
0.9 
1.7 
2.2 
1.8 
1.5 
1.6 
0.5 
2.0 
1.0 
0.9 
1.0 
0.7 
1.0 
0.5 
1.0 
0.7 
0.6 
0,7 
0,8 
0.9 
0.8 
0.9 
0.6 
0.3 
0.6 
1.1 
0.5 
0.6 
0.7 
0.7 
0.9 
0.3 
0.7 
0.9 
1.5 
0.4 
1.7 
1.1 
0.4 
1.1 
0.7 
1.0 
0.3 
1.2 
2.9 
3.1 
1.7 
1.9 
1.3 
1.2 
1.5 
1.8 
1.7 
0.9 
2.4 
0.5 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 N O 1 
1 Y 0 1 
1 N O 2 
1 N O 2 
1 N O 2 
3 N O 4 
1 N O 5 
3 N O 4 
1 N O 2 
2 N O 1 
1 Y 0 1 
1 N O 4 
1 N O 1 
2 N O 3 
1 N O 1 
1 N O 1 
2 Y 0 1 
3 N O 2 
1 N 1 1 
1 N O 3 
1 N O 1 
1 N O 2 
1 N O 2 
1 N O 4 
1 N O 1 
1 N O 2 
1 N O 4 
1 N 1 2 
1 y 0 1 
1 N O 1 
1 N O 2 
1 N 1 0 
1 N O 1 
1 N O 2 
3 M 0 2 
1 N O 2 
2 M O 2 
1 N O 2 
1 N O 4 
2 Y 0 4 
1 M O 4 
1 N O 3 
1 N O 1 
2 Y 0 1 
1 N O 2 
1 N O 1 
1 H O 2 
1 M O 2 
1 N O 1 
15 
13 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
18 
18 
18 
16 
19 
22 
24 
27 
29 
32 
2 
3 
4 
5 
3 
9 
10 
12 
16 
17 
13 
19 
23 
24 
25 
26 
23 
1 
2 
4 
5 
7 
9 
11 
12 
13 
14 
16 
17 
1 
2 
3 
4 
5 
6 
8 
9 
11 
12 
13 
15 
20 
0.5 
0.8 
0.8 
0.9 
0.9 
0.8 
0.5 
1.6 
0.5 
2.0 
0.3 
1.1 
1.2 
1.2 
1.0 
0.5 
0.4 
0.7 
0.6 
0.7 
1.0 
0.5 
1.1 
1.5 
1.1 
0.7 
1.1 
0.8 
1.4 
0.7 
2.0 
0.5 
0.5 
0.8 
0.5 
0.7 
1.4 
1.2 
1.2 
1.2 
0.7 
1.4 
1.8 
0.7 
0.8 
1.2 
1.2 
0.7 
1.7 
0.8 
0.6 
1.5 
0.7 
0.6 
0.8 
0.8 
2.7 
0.9 
0.7 
0.6 
0.7 
0.3 
1.3 
0.4 
0.7 
0.7 
1.0 
0.5 
1.5 
0.4 
0.6 
1.0 
0.5 
1.1 
0.8 
1.5 
1.2 
1.5 
0.4 
1.4 
0.7 
0.3 
1.5 
0.3 
0.4 
1.2 
1.7 
1.2 
1.9 
0.9 
1.3 
1.3 
0.5 
0.8 
0.5 
1.2 
0.6 
0.5 
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CROSS 
SPIT NUMB LENGTH WIDTH TERMINATION OHR ROTATION SECTION 
1 N O 2 
2 N O 4 
1 N O 1 
3 N O 2 
1 N O 4 
1 y 0 4 
2 N O 2 
1 Y 0 2 
1 N O 4 
i N O 1 
1 N O 1 
1 N O 2 
1 Y 0 1 
1 N O 4 
1 N 0 4 
1 N o 3 
2 Y 0 2 
1 N O 4 
1 N O 4 
1 N O 4 
1 y 0 1 
1 N 0 2 
t y 0 2 
1 N O 1 
1 N 0 1 
1 N O 2 
1 N O 1 
1 N O 2 
1 N O 2 
2 N O 5 
1 N 1 5 
1 N O 5 
1 N 1 2 
1 N O 1 
19 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
23 
23 
4 
5 
7 
3 
10 
11 
13 
3 
4 
5 
7 
3 
2 
5 
6 
7 
9 
11 
2 
3 
4 
6 
10 
12 
13 
14 
16 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0.8 
0.5 
1.7 
1.3 
0.3 
0.6 
0.6 
0.5 
1.1 
1.5 
1.1 
0.6 
1.7 
0.3 
0.5 
0.9 
0.9 
1.3 
0.6 
0.9 
1.2 
0.7 
2.5 
0.4 
1.1 
0.3 
0.5 
0.9 
0.5 
0.5 
0.6 
0.6 
0.5 
1.0 
0.7 
0.9 
1.4 
0.5 
0.7 
1.0 
1.0 
0.7 
0.4 
0.5 
0.7 
1.0 
0.6 
0.6 
0.6 
0.3 
1.5 
0.8 
0.7 
1.3 
0.8 
0.7 
0.9 
0.8 
2.3 
0.7 
0.3 
0.5 
0.9 
0.6 
0.7 
0.6 
0.4 
0.3 
0.4 
1.3 
1.1 
0.2 
1 N O 4 
1 N 2 2 
414 
Appendix 5 
AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
12 
13 
14 
15 
16 
17 
18 
20 
21 
22 
23 
24 
26 
23 
29 
32 
33 
33 
36 
38 
41 
44 
43 
46 
43 
49 
50 
52 
54 
55 
56 
57 
53 
61 
65 
70 
71 
72 
73 
74 
2 
1 
1 
6 
2 
5 
1 
2 
6 
2 
2 
1 
1 
1 
1 
5 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
6 
1 
1 
0 
0 
9 
4 
6 
0 
3 
9 
3 
5 
0 
0 
0 
0 
6 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
3 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
3 
0 
3 
0 
9 
0 
3.1 
1.7 
1.3 
0.1 
1.6 
1.6 
2.9 
1.0 
1.3 
1.3 
2.0 
2.7 
0.7 
0.6 
2.2 
1.1 
2.1 
2.2 
1,8 
0.6 
0.7 
1.0 
0.6 
1.0 
0.3 
0.8 
2.5 
2.0 
1.7 
0.1 
0.7 
1.4 
0.3 
0.0 
1.3 
1.3 
0.4 
0.8 
0.3 
0.8 
0.7 
0.5 
0.4 
0.6 
0.3 
0.3 
0.7 
0.4 
0.8 
1.1 
0.5 
0.6 
0.1 
0.9 
0.6 
1.2 
0.5 
0.3 
0.6 
0.9 
1.2 
0.3 
0.3 
0.4 
0.5 
0.5 
0.6 
0.4 
0.8 
0.2 
0.5 
0.3 
0.4 
0.1 
0.2 
1.0 
0.3 
0.6 
0.3 
0.1 
0.5 
0.1 
0.0 
0.3 
0.2 
0.3 
0.3 
0.2 
0.5 
0.4 
0.1 
0.1 
0.5 
0.1 
0.1 
0.2 
0.2 
0.2 
3 
3 
3 
1 
3 
2 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 
3 
2 
2 
2 
3 
2 
3 
3 
2 
3 
3 
0 
3 
2 
1 
3 
3 
0 
3 
2 
3 
3 
2 
0 
3 
2 
2 
3 
2 
3 
4 
3 
4 
3 
1 
4 
4 
3 
4 
4 
1 
4 
0 
4 
2 
4 
4 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
0 
4 
4 
0 
3 
2 
4 
0 
1 
4 
4 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
0 
5 
6 
1 
3 
3 
4 
3 
2 
6 
6 
6 
6 
5 
5 
4 
6 
6 
5 
7 
4 
6 
4 
4 
5 
1 
8 
3 
2 
4 
0 
5 
4 
0 
4 
6 
4 
3 
6 
6 
0 
6 
3 
4 
3 
4 
N 
N 
N 
N 
N 
N 
N 
y 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
y 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
M 
M 
M 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
M 
N 
N 
N 
N 
N 
N 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
75 
77 
80 
81 
82 
33 
84 
85 
83 
39 
90 
91 
92 
93 
96 
99 
100 
101 
102 
103 
104 
106 
108 
109 
111 
112 
113 
114 
117 
118 
121 
122 
124 
125 
127 
129 
131 
136 
138 
139 
140 
142 
145 
147 
152 
153 
154 
156 
157 
0 
1 
1 
1 
1 
3 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
6 
1 
1 
1 
4 
3 
1 
1 
2 
2 
1 
1 
1 
2 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
0 
0 
0 
0 
0 
5 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
6 
5 
0 
0 
1 
1 
0 
0 
0 
1 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
1.7 
0.4 
0.6 
0.9 
0.2 
0.6 
1.1 
0.0 
1.1 
0.2 
0.5 
0.6 
1.1 
0.5 
0.4 
0.9 
0.9 
1.4 
0.6 
0.9 
0.8 
1.1 
0.3 
1.0 
0.9 
1.3 
0.5 
0.2 
1.1 
0.2 
0.3 
0.4 
0.0 
0.3 
0.4 
0.2 
0.6 
0.1 
0.3 
0.4 
0.3 
0.2 
0.4 
0.4 
0.1 
0.1 
0.1 
0.9 
0.9 
0.4 
0.1 
0.3 
0.2 
0.1 
0.4 
0.2 
0.0 
0.2 
0.1 
0.1 
0.5 
0.1 
0.2 
0.3 
0.3 
0.1 
0.3 
0.1 
0.3 
0.2 
0.2 
0.1 
1.0 
0.2 
0.5 
0.2 
0.1 
0.4 
0.1 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
0.2 
0.1 
0.1 
0.2 
0.2 
0.1 
0.1 
0.1 
0.2 
0.1 
3 
2 
3 
3 
1 
3 
2 
1 
3 
2 
2 
2 
4 
2 
3 
3 
4 
3 
2 
3 
3 
2 
0 
2 
3 
3 
3 
2 
3 
2 
3 
3 
0 
2 
2 
2 
3 
2 
2 
3 
0 
2 
3 
0 
2 
2 
2 
3 
3 
4 
4 
4 
5 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
0 
5 
4 
4 
4 
0 
2 
4 
5 
5 
4 
3 
4 
4 
0 
4 
4 
0 
5 
4 
4 
1 
0 
0 
4 
5 
4 
4 
4 
2 
1 
4 
4 
3 
4 
0 
3 
4 
0 
1 
6 
4 
5 
3 
3 
2 
6 
5 
3 
0 
3 
3 
4 
0 
0 
6 
6 
4 
5 
3 
0 
5 
5 
0 
4 
6 
0 
6 
0 
3 
7 
0 
0 
7 
4 
6 
4 
0 
7 
4 
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SPIT 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
3 
5 
5 
5 
5 
5 
5 
3 
3 
5 
5 
5 
S 
5 
5 
3 
s 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
3 
3' 
NUMB 
138 
161 
162 
163 
164 
169 
171 
172 
174 
177 
179 
180 
181 
183 
196 
2 
3 
4 
3 
6 
9 
10 
12 
13 
13 
16 
17 
13 
19 
21 
22 
23 
23 
31 
32 
33 
34 
39 
40 
41 
42 
44 
47 
49 
50 
51 
53 
54 
56 
AMOUNT 
CORTEX 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
4 
1 
4 
1 
2 
6 
1 
2 
1 
1 
1 
2 
3 
3 
1 
1 
1 
1 
0 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
3 
3 
1 
1 
1 
1 
1 
1 
POSITION 
CORTEX 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
5 
0 
5 
0 
4 
9 
0 
3 
0 
0 
0 
3 
6 
5 
0 
0 
0 
0 
0 
0 
0 
6 
0 
8 
0 
0 
0 
0 
0 
0 
5 
6 
0 
0 
0 
0 
0 
0 
PLAT 
WIDTH 
0,3 
0,3 
0.2 
0.3 
0,1 
0.6 
0.3 
0.1 
0.2 
0.3 
0.4 
0.7 
0.3 
0.2 
0.6 
2.3 
2.0 
0.2 
2.2 
2.0 
0.7 
1.3 
1.3 
2.1 
0.5 
2.1 
1.6 
2.0 
0.8 
1.5 
1.1 
0.9 
3.1 
0.7 
1.1 
0.2 
0.5 
0.1 
0.7 
0.4 
0.2 
0.3 
0.4 
0.3 
0.5 
0.5 
0.1 
0.2 
0.3 
PLAT 
THICK 
0.2 
0.2 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.1 
0.2 
0.5 
0.7 
0.1 
0.6 
0.5 
0.3 
0.5 
0.4 
0.4 
0.3 
0.1 
0.7 
0.3 
0.3 
0.7 
0.2 
0.3 
1.1 
0.2 
0.5 
0.1 
0.1 
0.1 
0.2 
0.2 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
PLAT 
TYPE 
0 
3 
0 
3 
2 
3 
3 
2 
2 
0 
0 
3 
3 
0 
3 
3 
3 
2 
3 
3 
3 
3 
3 
0 
2 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
4 
1 
3 
3 
2 
2 
0 
3 
4 
3 
4 
2 
3 
PLAT 
SURF 
1 
1 
0 
4 
3 
4 
0 
3 
4 
5 
4 
4 
1 
4 
4 
1 
4 
4 
5 
1 
4 
4 
4 
2 
4 
4 
5 
5 
1 
4 
0 
4 
1 
4 
4 
4 
4 
3 
4 
1 
4 
5 
0 
4 
4 
4 
4 
0 
0 
PLAT 
ANGLE 
7 
5 
0 
5 
0 
5 
0 
0 
0 
0 
4 
0 
1 
5 
3 
5 
5 
6 
6 
7 
6 
3 
3 
5 
4 
5 
5 
6 
4 
3 
5 
4 
5 
5 
2 
5 
4 
0 
5 
3 
0 
5 
0 
5 
4 
2 
0 
0 
0 
PLAT 
REMOVAL 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
M 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
5 
5 
5 
5 
5 
5 
3 
3 
5 
3 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
37 
59 
61 
62 
63 
64 
66 
69 
70 
76 
84 
3 
4 
5 
7 
8 
11 
12 
13 
15 
16 
17 
1 
5 
6 
7 
3 
9 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
23 
25 
26 
28 
29 
31 
35 
37 
39 
40 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
4 
1 
4 
1 
1 
3 
2 
0 
3 
1 
1 
1 
1 
1 
1 
1 
3 
1 
5 
5 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
3 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
5 
0 
5 
0 
0 
5 
5 
0 
1 
0 
0 
0 
0 
0 
0 
0 
3 
0 
5 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
1.2 
0.4 
0.4 
0.6 
0.2 
0.2 
0.6 
0.3 
0.4 
0.4 
0.4 
0.7 
0.8 
1.2 
0.9 
0.6 
0.3 
0.7 
0.0 
0.3 
0.4 
0.3 
1.3 
2.5 
1.2 
0.3 
0.3 
0.5 
0.7 
0.9 
0.5 
0.4 
0.4 
0.3 
1.0 
0.4 
0.6 
0.4 
0.5 
0.7 
0.5 
0.3 
0.4 
0.3 
0.6 
0.3 
0.2 
0.4 
0.0 
0.2 
0.1 
0.1 
0.3 
0.1 
0.1 
0.2 
0.1 
0.1 
0.4 
0.1 
0.2 
0.2 
0.3 
0.3 
0.2 
0.2 
0.2 
0.0 
0.2 
0.1 
0.1 
0.6 
1.1 
0.4 
0.4 
0.1 
0.2 
0.2 
0.5 
0.3 
0.1 
0.1 
0.6 
0.3 
0.1 
0.2 
0.1 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.0 
3 
3 
0 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
0 
3 
3 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
0 
4 
4 
1 
4 
4 
4 
4 
1 
4 
1 
4 
4 
4 
4 
4 
5 
4 
4 
0 
4 
4 
4 
2 
4 
4 
5 
4 
5 
4 
4 
4 
4 
4 
4 
5 
4 
4 
4 
4 
4 
4 
1 
4 
4 
1 
4 
4 
0 
0 
0 
4 
0 
7 
0 
4 
1 
2 
2 
0 
5 
4 
5 
6 
4 
3 
6 
3 
0 
4 
3 
2 
5 
1 
3 
4 
5 
5 
3 
4 
4 
5 
6 
2 
4 
4 
4 
5 
5 
3 
5 
5 
4 
4 
4 
4 
5 
6 
0 
M 
M 
M 
N 
M 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
M 
N 
N 
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SPIT 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
1 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
3 
3 
3 
3 
3 
3 
3 
3 
3 
8 
3 
3 
3 
i 
3 
3 
3 
3 
NUMB 
50 
52 
54 
56 
53 
60 
61 
62 
63 
64 
63 
69 
70 
71 
74 
77 
73 
79 
30 
31 
32 
33 
34 
35 
87 
88 
89 
91 
92 
93 
94 
1 
2 
16 
17 
18 
19 
20 
22 
23 
24 
26 
28 
29 
30 
31 
33 
34 
35 
AMOUNT 
CORTEX 
1 
3 
2 
1 
6 
0 
3 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
3 
4 
1 
1 
1 
3 
1 
1 
1 
2 
2 
1 
3 
2 
1 
2 
1 
1 
1 
1 
1 
1 
2 
3 
1 
1 
1 
1 
POSITION 
CORTEX 
0 
5 
3 
0 
9 
0 
4 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
5 
3 
0 
5 
6 
0 
0 
0 
3 
0 
0 
0 
1 
5 
0 
4 
1 
0 
3 
0 
0 
0 
0 
0 
0 
4 
1 
0 
0 
0 
0 
PLAT 
WIDTH 
1.3 
1.3 
0.4 
0.2 
0.2 
1.1 
0.0 
0.0 
1.3 
2.5 
0.4 
1.3 
2,2 
0,8 
1.7 
0,7 
2,1 
0,7 
4,2 
0.9 
1.5 
4.4 
2.5 
2.2 
2.4 
1.3 
1.6 
1.2 
1.3 
1.4 
1.3 
0.4 
2.1 
1.4 
2.0 
0.6 
0.8 
1.0 
0.5 
0.8 
1.4 
1.0 
1.5 
2.5 
3.2 
3.1 
2.2 
1.3 
2.4 
PLAT 
THICK 
0.4 
0.6 
0.2 
0.1 
0.1 
0.5 
0.0 
0.0 
0,6 
0.7 
0.3 
0.3 
0.3 
0.3 
0.4 
0.2 
0.6 
0.2 
0.9 
0.1 
0.3 
1.2 
0.0 
0.4 
1.0 
0.2 
0.3 
0.4 
0.4 
0.2 
0.4 
0.3 
0.5 
0.6 
0.7 
0.3 
0.3 
0.5 
0.3 
0.3 
0.7 
0.4 
0.4 
1.2 
1.5 
1.3 
0.8 
0.4 
0.8 
PLAT 
TYPE 
3 
3 
3 
3 
3 
3 
0 
0 
3 
3 
0 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
PLAT 
SURF 
1 
4 
5 
0 
1 
4 
0 
0 
4 
4 
0 
1 
4 
4 
4 
4 
5 
4 
1 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
4 
4 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 
5 
2 
5 
4 
4 
4 
4 
PLAT 
ANGLE 
6 
4 
2 
0 
6 
1 
0 
0 
5 
4 
0 
0 
4 
5 
S 
6 
5 
5 
3 
0 
5 
5 
6 
6 
4 
3 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
4 
6 
3 
2 
4 
5 
4 
PLAT 
REMOVAL 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
M 
M 
N 
N 
1 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
y 
M 
y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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SPII 
3 
a 
8 
3 
8 
3 
3 
8 
8 
3 
8 
8 
8 
8 
8 
8 
8 
8 
3 
3 
8 
8 
3 
8 
3 
8 
3 
8 
8 
8 
8 
8 
3 
8 
3 
3 
8 
3 
3 
3 
3 
8 
8 
8 
8 
8 
8 
8 
8 
' NUMB 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
55 
56 
58 
59 
60 
61 
64 
66 
67 
68 
69 
70 
73 
74 
76 
78 
81 
84 
89 
94 
95 
99 
100 
101 
102 
104 
105 
106 
110 
113 
114 
115 
116 
AMOUNT 
CORTEX 
1 
1 
2 
1 
1 
3 
1 
3 
0 
1 
1 
5 
1 
1 
1 
2 
4 
5 
1 
1 
1 
1 
3 
1 
6 
3 
1 
0 
1 
1 
2 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
6 
3 
1 
2 
1 
1 
1 
1 
POSITION 
CORTEX 
0 
0 
3 
0 
0 
3 
0 
3 
0 
0 
0 
6 
0 
0 
0 
8 
4 
3 
0 
0 
0 
0 
5 
0 
9 
5 
0 
0 
0 
0 
3 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
9 
1 
0 
4 
0 
0 
0 
0 
PLAT 
WIDTH 
2.6 
1.2 
2.4 
1.1 
0.7 
2.6 
1.7 
2.2 
2.2 
1.5 
1.9 
1.8 
0.6 
2.4 
0.9 
0.9 
1.0 
1.4 
1.6 
0.0 
0.4 
0.5 
0.3 
2.3 
1.5 
2.1 
1.0 
1.7 
1.4 
0.6 
0.0 
0.8 
0.0 
1.0 
1.0 
0.6 
1.0 
0.5 
0.6 
0.5 
0.7 
1.6 
0.7 
0.6 
0.2 
0.5 
0.5 
0.3 
0.7 
PLAT 
: THICK 
0.3 
0.4 
1.0 
0.9 
0.3 
0.6 
0.3 
1.1 
0.3 
0.3 
0.3 
0.5 
0.2 
0.5 
0.1 
0,3 
0.4 
0.5 
0.3 
0.0 
0.2 
0.2 
0.5 
0.3 
0.4 
0.7 
0.5 
0.4 
0.5 
0.3 
0.0 
0.2 
0.0 
0.3 
0.2 
0.2 
0.1 
0.1 
0.1 
0.2 
0.1 
0.5 
0.1 
0.3 
0.1 
0.1 
0.1 
0.2 
0.2 
PLAT 
TYPE 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
0 
1 
1 
0 
3 
3 
3 
2 
0 
3 
3 
3 
3 
3 
1 
3 
3 
2 
3 
PLAT 
SURF 
4 
4 
4 
4 
4 
4 
4 
1 
4 
4 
4 
5 
4 
5 
4 
4 
4 
5 
4 
3 
4 
4 
4 
4 
1 
4 
4 
4 
4 
4 
0 
3 
3 
4 
4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
3 
0 
4 
4 
1 
PLAT 
ANGLE 
4 
4 
4 
6 
4 
4 
5 
4 
3 
5 
5 
6 
5 
5 
4 
6 
3 
4 
4 
0 
3 
4 
4 
3 
7 
5 
5 
5 
4 
3 
0 
0 
0 
4 
5 
4 
4 
0 
3 
3 
5 
3 
5 
4 
0 
0 
6 
0 
1 
PLAT 
REMOVAL 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
M 
M 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
420 
Appendix 5 
AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
8 
8 
8 
8 
8 
3 
8 
8 
8 
8 
8 
8 
8 
11 
11 
11 
11 
11 
11 
11 
11 
11 
12 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
U 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
119 
120 
122 
124 
125 
127 
129 
130 
131 
133 
135 
136 
138 
1 
2 
3 
4 
7 
8 
9 
10 
11 
12 
13 
14 
16 
17 
19 
20 
22 
23 
25 
26 
28 
29 
31 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
48 
1 
2 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
0 
6 
1 
1 
1 
6 
2 
2 
1 
1 
1 
1 
1 
3 
2 
6 
3 
1 
1 
6 
1 
1 
1 
2 
1 
2 
2 
5 
3 
1 
1 
2 
1 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
9 
4 
1 
0 
0 
0 
0 
0 
4 
5 
9 
3 
0 
0 
9 
0 
0 
0 
5 
0 
5 
8 
5 
5 
0 
0 
3 
0 
0 
0 
0 
1.1 
0,3 
0.2 
0,3 
1.1 
0.7 
1.3 
0,3 
0.7 
0.5 
0.9 
0.4 
0,3 
1.6 
1.4 
0.6 
0.9 
3.0 
2.3 
1.3 
2.0 
1.7 
1.8 
1.5 
1.2 
1.4 
0.7 
0.8 
2.1 
0.5 
1.7 
1.8 
1.5 
1.3 
0.9 
2.0 
1.4 
1.3 
0.9 
2.0 
0.5 
2.3 
0.5 
0.4 
0.8 
1.0 
1.7 
0.4 
1.7 
0.3 
0.1 
0.1 
0.3 
0.2 
0.2 
0.3 
0.1 
0.2 
0.2 
0.2 
0.1 
0.1 
0.7 
0.4 
0.3 
0.7 
0.6 
0.7 
0.3 
0.4 
0.4 
1.0 
0.5 
0.4 
0.3 
0.2 
0.6 
0.3 
0.2 
0.7 
0.5 
0.4 
0.2 
0.2 
0.7 
0.5 
0.7 
0.2 
0.5 
0.2 
0.5 
0.4 
0.3 
0.1 
0.3 
0.4 
0.3 
0.5 
3 
1 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
0 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
2 
3 
1 
3 
3 
• 0 
3 
4 
3 
4 
4 
4 
1 
1 
3 
4 
2 
4 
4 
4 
4 
1 
1 
4 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
4 
4 
1 
4 
2 
2 
5 
4 
1 
4 
1 
4 
5 
4 
3 
4 
1 
0 
4 
4 
0 
2 
3 
2 
4 
6 
0 
5 
5 
0 
5 
3 
5 
9 
0 
4 
4 
4 
8 
4 
3 
4 
4 
5 
3 
3 
6 
0 
4 
2 
2 
4 
4 
5 
4 
4 
5 
4 
5 
0 
3 
5 
5 
0 
4 
4 
8 
4 
N 
N 
N 
N 
N 
M 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
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SPII 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
' NUMB 
50 
51 
52 
54 
55 
56 
57 
59 
61 
62 
65 
66 
67 
63 
70 
71 
72 
74 
75 
76 
77 
78 
79 
81 
82 
83 
84 
87 
39 
91 
93 
94 
95 
96 
99 
100 
101 
102 
104 
105 
106 
107 
103 
109 
110 
111 
112 
114 
115 
AMOUNT 
CORTEX 
1 
1 
2 
3 
1 
1 
1 
1 
2 
1 
3 
1 
2 
1 
1 
1 
1 
1 
6 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
POSITION 
CORTEX 
0 
0 
5 
6 
0 
0 
0 
0 
5 
0 
5 
0 
3 
0 
0 
0 
0 
0 
f 
0 
0 
8 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
PLAT 
WIDTH 
0.5 
2.2 
2.1 
0.4 
1.5 
1.1 
0.6 
0.5 
0.3 
0.6 
1.0 
1.6 
1.8 
1.1 
0.2 
0.4 
0.7 
0.4 
0.9 
0.7 
1.3 
0.5 
1.7 
0.4 
1.1 
0.3 
1.3 
0.5 
0.3 
0.8 
2.5 
0.4 
0.3 
1.5 
0.6 
0.6 
1.0 
0.7 
0.2 
0.6 
0.6 
0.4 
0.5 
0.7 
0.5 
0.7 
0.4 
0.5 
0.2 
PLAT 
: THICK 
0.1 
0.5 
0.2 
0.1 
0.3 
0.3 
0.2 
0.6 
0.4 
0.1 
0.3 
0.6 
1.0 
0.6 
0.1 
0.4 
0.2 
0.1 
0.2 
0.2 
0.5 
0.3 
0.2 
0.2 
1.7 
0.2 
0.6 
0.2 
0.1 
0.3 
0.6 
0.2 
0.1 
0.4 
0.2 
0.3 
0.4 
0.3 
0.1 
0.2 
0.3 
0.1 
0.3 
0.1 
0.1 
0.3 
0.1 
0.2 
0.2 
PLAT 
TYPE 
2 
3 
3 
0 
3 
3 
3 
1 
3 
1 
3 
3 
3 
3 
1 
0 
3 
2 
0 
3 
3 
0 
3 
2 
3 
3 
3 
3 
1 
3 
3 
2 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
1 
3 
3 
3 
0 
PLAT 
SURF 
4 
4 
4 
0 
4 
4 
4 
3 
4 
3 
4 
4 
4 
5 
3 
4 
4 
4 
1 
4 
4 
0 
5 
4 
4 
4 
4 
5 
3 
4 
4 
4 
4 
4 
5 
4 
5 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
PLAT 
ANGLE 
5 
4 
4 
0 
3 
3 
4 
0 
5 
0 
5 
0 
6 
5 
0 
4 
4 
5 
0 
0 
4 
0 
5 
5 
1 
4 
4 
5 
0 
1 
5 
6 
6 
2 
5 
3 
4 
4 
0 
5 
3 
5 
4 
4 
0 
4 
7 
3 
3 
PLAT 
REMOVAL 
M 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
M 
M 
N 
Y 
Y 
Y 
Y 
N 
M 
M 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
0 0.7 0.2 3 4 2 N 
0 0.6 0.2 3 4 3 N 
0 1.30.3 3 4 3 N 
0 0.9 0.4 3 4 3 N 
0 0.4 0.2 3 4 4 N 
0 0.70,3 3 4 5 N 
0 0.5 0.1 3 4 6 N 
0 0.5 0.2 2 4 4 N 
0 0.90.3 3 4 4 N 
0 0.6 0.2 3 4 3 N 
0 0.3 0.1 3 4 5 M 
5 0.90.3 3 4 3 N 
0 0.3 0.2 3 1 2 N 
0 0.3 0.1 3 4 3 N 
0 0.3 0.1 2 4 2 N 
0 0.20.1 2 4 1 N 
0 0.4 0.4 3 4 3 M 
3 0.2 0.2 3 4 5 M 
0 0.20.2 2 4 3 N 
0 0.3 0.3 3 1 3 N 
0 0.7 0.2 3 4 7 N 
0 0.5 0.1 2 4 2 N 
0 0.8 0.4 3 4 3 N 
0 0.4 0.1 3 5 5 N 
0 0.7 0.3 3 4 3 N 
0 0.2 0.1 4 4 4 N 
0 0.2 0.1 2 4 6 N 
0 0.30.3 3 4 6 N 
0 0.7 0.2 3 4 4 N 
0 0 . 9 0 . 2 3 4 3 M 
0 0 .20.1 3 5 5 N 
0 0 . 9 0 . 4 3 4 4 N 
0 0 . 6 0 . 2 3 4 4 N 
0 0 .20.1 1 3 0 N 
0 1.00.3 3 1 7 N 
0 0 .30.1 3 4 3 N 
0 0.90.3 3 4 4 N 
0 0 . 8 0 . 5 3 4 2 N 
0 0 . 7 0 . 4 3 4 3 M 
5 0 . 3 0 . 1 2 4 0 N 
0 0.3 0.3 3 5 3 N 
0 0.5 0.3 3 4 7 N 
0 0.8 0.2 3 4 3 N 
0 0.4 0.2 3 4 2 N 
0 0.2 0.1 3 4 4 N 
0 0 . 3 0 . 1 3 4 5 N 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
117 
118 
119 
121 
122 
123 
125 
126 
127 
128 
130 
133 
134 
136 
138 
140 
141 
142 
145 
147 
143 
149 
151 
152 
153 
154 
155 
156 
157 
153 
159 
160 
161 
162 
163 
164 
166 
168 
169 
170 
172 
173 
174 
175 
176 
179 
183 
185 
186 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
N 
N 
0 0 . 3 0 . 3 3 4 5 N 
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SPIT 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
' NUMB 
187 
188 
189 
190 
195 
196 
197 
198 
199 
200 
201 
202 
205 
206 
207 
209 
211 
212 
213 
214 
217 
218 
220 
221 
222 
223 
225 
226 
227 
229 
230 
232 
233 
236 
237 
238 
239 
240 
241 
244 
245 
247 
243 
249 
250 
251 
252 
273 
274 
AMOUNT 
CORTEX 
1 
1 
0 
1 
1 
1 
0 
1 
6 
1 
1 
1 
1 
5 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
POSITION 
CORTEX 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
3 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
PLAT 
WIDTH 
1.0 
1.1 
0.7 
0.0 
0.7 
0.3 
0.3 
0.9 
0.9 
0.7 
0.5 
0.2 
0.0 
0.9 
0.6 
1.2 
0.4 
0.3 
0.3 
0.2 
0.6 
1.1 
0.6 
0.4 
0.5 
0.3 
0.6 
0.3 
0.6 
0.7 
0.6 
0.5 
0.4 
0.8 
0.6 
0.4 
0.4 
0.6 
0.3 
1.2 
0.5 
0.3 
0.7 
0.4 
0.6 
0.6 
0.3 
1.2 
0.0 
PLAT 
THICK 
0.5 
0,2 
0.2 
0.0 
0.2 
0.1 
0.2 
0.2 
0.6 
0.4 
0.3 
0.1 
0.0 
0.4 
0.2 
0.5 
0.2 
0.1 
0.1 
0.1 
0.2 
0.4 
0.2 
0.2 
0.1 
0.2 
0.7 
0.1 
0.3 
0.2 
0.2 
0.3 
0.1 
0.5 
0.5 
0.2 
0.3 
0.3 
0.3 
0.3 
0.9 
0.3 
0.2 
0.1 
0.1 
0.4 
0.1 
0.7 
0.0 
PLAT 
TYPE 
3 
3 
3 
0 
3 
3 
0 
3 
3 
3 
3 
2 
0 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
0 
0 
3 
3 
3 
3 
3 
3 
0 
3 
3 
0 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
0 
PLAT 
SURF 
4 
4 
4 
0 
5 
4 
0 
1 
5 
4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
4 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
4 
4 
0 
PLAT 
ANGLE 
4 
4 
4 
0 
3 
6 
4 
2 
2 
6 
4 
6 
0 
2 
0 
2 
5 
5 
3 
5 
1 
5 
4 
4 
4 
4 
1 
7 
3 
4 
5 
5 
5 
1 
2 
7 
6 
2 
3 
4 
2 
2 
4 
3 
3 
1 
5 
3 
0 
PLAT 
REMOVAL 
N 
M 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
M 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
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AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
0 
0 1,30.3 3 3 5 N 
0 1.7 0.4 1 4 3 N 
0 0 . 4 0 . 2 3 4 4 N 
5 0.3 0.1 3 4 3 N 
5 0.9 0.1 3 4 S N 
0 0.6 0.3 S 4 i N 
0 0.3 0.1 2 4 5 N 
0 0.3 0.2 3 4 4 N 
0 0.3 0.1 2 4 S N 
5 0 . 6 0 . 2 3 6 6 N 
0 0.3 0.2 3 4 3 N 
0 1.1 0.4 3 4 3 N 
0 0.60.1 2 4 3 N 
0 0.5 0.2 3 4 4 N 
0 1.1 0,4 3 4 2 N 
0 0.80.2 2 4 3 N 
0 0.6 0.3 3 4 4 N 
1 0.5 0.2 3 4 4 N 
0 
0 0.6 0.2 3 4 4 M 
0 0 . 3 0 . 2 2 4 4 N 
Q; 0 .30.1 3 4 3 N 
0 0 . 8 0 . 2 3 4 0 f 
0 1.30.5 3 4 4 N 
0 0.40.1 3 4 5 N 
0 0.8 0.3 3 4 3 N 
0 0.5 0.3 0 4 4 Y 
0 0.5 0.1 3 4 5 N 
0 0.2 0.1 2 4 5 N 
0 1.5 0.1 3 5 0 N 
0 0.7 0.2 3 4 4 N 
0 0.3 0.2 3 4 4 N 
6 0.9 0.4 3 4 5 N 
0 1.9 0.6 3 4 3 N 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
1 
3 
5 
7 
3 
9 
10 
11 
14 
15 
17 
19 
20 
21 
22 
23 
25 
26 
27 
23 
30 
31 
33 
35 
36 
37 
38 
39 
41 
45 
43 
50 
56 
1 
2 
3 
4 
5 
8 
I 
10 
12 
13 
14 
15 
16 
17 
13 
19 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
% 
1 
1 
1 
X 
1 
1 
1 
1 
s 
1 
1 
1 
4 
U 
1 
3 
4 
1 
1 
3 
1 
1 
1 
3 
0 
0 
5 
0 
0 
3 
4 
0 
0 
5 
0 
0 
0 
5 
0.7 
,3 
.4 
 
.6 
.6 
.8 
 
1.6 
.3 
.3 
.8 
.3 
.4 
7 
0.6 
0.3 
0.3 
1.0 
1.7 
0.3 
0.4 
0.9 
0.4 
0.3 
0.3 
0.3 
1.3 
0.3 
0.1 
0.
0.
 
0.
0.
2 
0.
0.5 
2 
0.
0.1
0.
0.
0.
 
2 
4 
0.4 
0.1 
0.1 
0.3 
0.5 
0.2 
0.2 
0.3 
0.2 
0.1 
0.4 
0.4 
0.3 
0.1 
1 
%
1
* 
i:
 
 
 
 
 
 
 
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 
2 
0 
3 
0 
3 
3 
3 
3 
0 
3 
3 
3 
2 
3 
 
 
 
 
 
 
 
 
 
 
 
5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 
4 
0 
4 
4 
4 
4 
5 
4 
0 
4 
4 
4 
4 
0 
 
5
5
i
 
 
 
 
 
 
 
3 
 
 
 
 
 
 
 
 
 
 
 
 
0 
0 
0 
4 
4 
4 
4 
4 
4 
0 
0 
3 
4 
7 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
20 
21 
23 
24 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
37 
38 
39 
42 
43 
45 
46 
47 
48 
49 
50 
53 
54 
56 
57 
58 
59 
60 
65 
66 
67 
63 
2 
3 
5 
7 
3 
9 
10 
11 
12 
15 
17 
18 
19 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
3 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
3 
1 
2 
1 
1 
5 
0 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0.7 
0.6 
0.4 
0.2 
0.3 
0.6 
1.0 
0.3 
0.3 
0.3 
0.6 
0.8 
0.7 
0.6 
0.6 
0.6 
0.2 
0.9 
0.3 
1.0 
0.2 
0.2 
1.1 
0.1 
1.1 
0.2 
0.5 
1.2 
0.3 
0.6 
0.4 
0.0 
1.7 
0.3 
0.6 
0.3 
0.3 
0.9 
0.5 
1.3 
0.3 
2.0 
0.7 
1.3 
0.5 
0.8 
0.2 
0.7 
0.9 
0.2 
0.2 
0.1 
0.1 
0.1 
0.2 
0.2 
0.1 
0.2 
0.1 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.3 
0.1 
0.1 
0.1 
0.1 
0.7 
0.1 
0.4 
0.1 
0.2 
0.1 
0.4 
0.3 
0.1 
0.0 
0.5 
0.1 
0.2 
0.1 
0.2 
0.2 
0.1 
0.4 
0.3 
0.2 
0.3 
0.5 
0.2 
0.4 
0.1 
0.2 
0.2 
3 
3 
3 
2 
2 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
2 
3 
2 
3 
2 
1 
1 
3 
3 
2 
0 
3 
2 
3 
2 
3 
3 
2 
3 
2 
3 
3 
3 
3 
3 
2 
3 
3 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
4 
5 
4 
5 
4 
4 
4 
4 
4 
4 
5 
4 
4 
5 
0 
0 
3 
4 
5 
6 
5 
4 
3 
5 
4 
4 
5 
0 
4 
4 
5 
4 
3 
4 
0 
5 
9 
0 
0 
0 
3 
5 
0 
5 
3 
4 
0 
5 
5 
0 
5 
5 
4 
5 
3 
3 
4 
9 
1 
5 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
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AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
15 
15 
20 
21 
23 
25 
27 
23 
30 
32 
33 
34 
36 
37 
33 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
32 
33 
34 
35 
57 
53 
59 
60 
61 
63 
64 
63 
69 
1 
2 
3 
4 
6 
7 
8 
9 
10 
12 
13 
15 
1 
1 
1 
1 
1 
4 
1 
1 
3 
1 
2 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
5 
0 
0 
5 
0 
4 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.7 
O.i 
0.7 
1,0 
0.4 
0.3 
0.6 
0.6 
0.4 
0.5 
0.1 
0.5 
0.5 
1.1 
0,8 
0.2 
0.6 
0.5 
0,8 
0.2 
0.3 
0.3 
0.6 
0.4 
0,2 
0,4 
0.4 
1.3 
0.4 
1.8 
0.6 
0.3 
0.9 
0.5 
1.0 
1.0 
1.4 
1.7 
2.5 
1.5 
1.2 
0.4 
1.0 
1.0 
1.0 
0.8 
0.2 
0.4 
0.1 
0,3 
0.2 
0.4 
0.3 
0.1 
0.1 
0.2 
0.2 
0.2 
0.3 
0.1 
0.2 
0.2 
0.2 
0.3 
0.1 
0.3 
0.3 
0.4 
0.1 
0.2 
0.2 
0.3 
0.2 
0.1 
0.2 
0.3 
0.3 
0.1 
0.2 
0.3 
0.2 
0.2 
0.2 
0.4 
0.5 
0.3 
0.4 
0.7 
0.2 
0.5 
0.2 
0.1 
0.2 
1.0 
0.2 
0.1 
0.2 
0.1 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
2 
3 
3 
3 
3 
1 
3 
3 
3 
2 
3 
3 
3 
0 
1 
1 
3 
3 
0 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
5 
4 
3 
3 
5 
4 
0 
4 
4 
4 
1 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
4 
1 
0 
6 
4 
3 
5 
3 
6 
1 
4 
2 
3 
0 
3 
6 
3 
5 
6 
4 
3 
0 
0 
0 
5 
5 
0 
4 
2 
5 
3 
4 
5 
3 
4 
6 
4 
5 
4 
4 
5 
5 
4 
4 
0 
0 
4 
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AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
13 
15 
15 
15 
15 
15 
13 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
13 
13 
18 
13 
13 
13 
18 
18 
13 
18 
18 
18 
18 
16 
19 
22 
24 
27 
29 
32 
2 
3 
4 
5 
3 
9 
10 
12 
16 
17 
13 
19 
23 
24 
25 
26 
23 
1 
2 
4 
5 
7 
9 
11 
12 
13 
14 
16 
17 
1 
2 
3 
4 
5 
6 
8 
9 
11 
12 
13 
15 
20 
1 
1 
1 
1 
4 
1 
3 
1 
1 
1 
2 
1 
3 
1 
1 
1 
2 
1 
2 
1 
3 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
2 
3 
6 
2 
1 
1 
1 
3 
1 
1 
0 
0 
0 
0 
2 
0 
2 
0 
0 
0 
5 
0 
6 
0 
0 
0 
5 
0 
5 
0 
3 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
5 
4 
9 
5 
0 
0 
0 
5 
0 
0 
0.9 
0.7 
1.3 
0.3 
0.3 
0.3 
0.5 
0.4 
0.9 
0.2 
0.4 
0.7 
0.3 
0.3 
0.4 
0.6 
0.5 
0.3 
0.5 
1.9 
0.4 
0.7 
0.6 
0.3 
0.4 
0.3 
0.7 
0.6 
1.4 
0.3 
1.1 
1.0 
0.2 
1.4 
0.1 
0.3 
0.3 
1.4 
0.8 
0.5 
0.9 
1.6 
1.2 
0.6 
0.6 
0.2 
1.6 
0.6 
0.5 
0.5 
0.5 
0.4 
0.2 
0.1 
0.2 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
0.2 
0.1 
0.1 
0.6 
0.2 
0.3 
0.2 
1.1 
0.4 
0.6 
0.3 
0.3 
0.1 
0.1 
0.2 
0.1 
0.4 
0.1 
0.5 
0.2 
0.1 
0.5 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.7 
0.4 
0.6 
0.1 
0.4 
0.4 
0.3 
0.2 
3 
3 
3 
3 
0 
3 
3 
2 
3 
0 
3 
2 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
1 
3 
3 
2 
3 
0 
0 
0 
3 
3 
2 
3 
3 
3 
3 
0 
2 
3 
3 
3 
4 
4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
2 
5 
4 
1 
4 
4 
4 
4 
5 
1 
0 
5 
4 
0 
5 
0 
0 
4 
4 
4 
4 
4 
1 
4 
4 
4 
4 
4 
1 
4 
1 
4 
4 
5 
0 
6 
6 
7 
3 
4 
0 
2 
7 
0 
4 
6 
4 
2 
4 
1 
5 
1 
2 
3 
0 
4 
5 
4 
6 
0 
6 
3 
0 
5 
0 
5 
4 
4 
5 
5 
4 
3 
5 
2 
4 
2 
3 
4 
4 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
423 
Appendix 5 
AMOUNT POSITION PLAT PLAT PLAT PLAT PLAT PLAT 
SPIT NUMB CORTEX CORTEX WIDTH THICK TYPE SURF ANGLE REMOVAL 
1 0 1.40.4 3 5 4 N 
1 0 0.3 0.1 3 5 6 N 
4 5 0.5 0.2 3 4 4 N 
1 0 0.3 0.2 3 4 4 N 
1 0 0.9 0.2 3 4 1 N 
4 4 0.6 0.1 3 4 3 N 
1 0 0.2 0.1 0 4 0 N 
1 0 0.2 0.3 2 4 2 N 
1 0 0.3 0.3 3 4 2 N 
1 0 0.4 0.2 2 4 6 Y 
1 0 0.3 0.1 2 4 5 Y 
2 1 0.7 0.4 3 1 2 N 
1 0 0.4 0.3 3 4 5 N 
1 0 0.1 0.1 1 3 0 N 
1 0 1.5 0.2 3 4 4 N 
2 8 0.9 0.2 3 4 1 N 
1 0 0.7 0.1 3 4 3 N 
1 0 0.3 0.1 2 4 2 N 
1 0 0.9 0.3 3 4 2 N 
5 6 0.5 0.1 2 4 3 N 
1 0 1.2 0.7 3 4 3 N 
1 0 0.6 0.2 3 4 4 N 
2 4 1.5 0.5 3 4 4 N 
2 8 0.9 0.5 3 4 1 N 
1 0 0.4 0.3 3 4 5 N 
1 0 0.3 0.1 2 4 7 N 
1 0 1.1 0.3 3 4 3 N 
1 0 0.2 0.1 1 3 0 N 
2 5 0.4 0.2 2 4 5 N 
1 0 0.4 0.1 3 0 5 N 
1 0 0.2 0.1 2 2 4 N 
1 0 0.4 0.1 2 4 3 N 
1 0 0.1 0.1 2 4 0 N 
1 0 1.0 0.6 3 1 4 N 
2 4 0.9 0.3 3 4 5 N 
1 0 0.4 0.1 2 0 0 N 
19 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
23 
23 
4 
5 
7 
8 
10 
11 
13 
3 
4 
5 
7 
8 
2 
5 
6 
7 
9 
11 
2 
3 
4 
6 
10 
12 
13 
14 
16 
3 
4 
5 
6 
7 
3 
9 
10 
11 
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